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primarily for use with capillary blood, but they are of course 
applicable to samples of venous blood. 

Among the methods of blood analysis will be found certain 
procedures, i.e., cholesterol, calcium and C0 2 -combining 
power, which have been adopted, unaltered, from the pub- 
lished descriptions of the original authors. Although wc 
have introduced no modification or improvement in these 
methods, we have felt it advisable to include them for the 
sake of completeness, and in order to have together a set of 
.instructions which make it possible to execute all the deter- 
minations which arc commonly asked for in routine laboratory 
investigations. For the same reason, the tests and estima- 
tions on CSF and faeces are included, and those urine examina- 
tions which are essential for the simpler physiological tests 
of function. 

The functional tests given arc described in sufficient detail 
to enable them to be executed with precision, but no great 
space is devoted to discussing their clinical significance. 
Likewise no attempt is made to give a complete statement of 
the amounts of the various substances present in blood in 
diseased conditions nor to describe their significance at any 
length. Brief mention is made only of those clinical con- 
ditions in which abnormal values arc most commonly 
encountered. 

My former colleagues. Dr. G. A. D. Ilnslcwood, Mr. G. E. 
Delory and Dr. D. Beall, have lmd an intimate share in the 
development of the procedures presented in this book. On 
their ideas and efforts I have largely depended for the elabora- 
tion of new analytical principles and the modification of 
existing ones to the needs of the micro-tcchniqucs. To them 
Aid? id? other eoUcaffacs, nssrsfanfc? and students, my thanks 
arc due, for their counsel, collaboration, and loyal support. 

E J. K. 
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Reinforced by the modern methods of experimental bi- 
ology, particularly as developed in the dynamic sciences of 
physiology', biochemistry, and immunology, classical pathol- 
ogy' is now faced with the task of unravelling the various 
basic problems of inflammation, neoplasia, degenerative, and 
metabolic diseases. This monograph is offered as an attempt 
to analyze and correlate earlier and recent observations 
pertaining to the development of the inflammatory' reaction. 
This endeavor at bringing unity and therefore at formulating 
a rational concept of inflammation doubtless meets with 
considerable shortcomings and omissions. The writer, there- 
fore, feels compelled of necessity' to rely’ on the indulgence of 
his readers for what may appear to have been oversights. 
This is to be attributed in part to the wide scope of the field 
under investigation, and to the abundance of a ramifying 
literature which has rendered it indispensable to omit some 
of the indirectly related material. To bo certain, some of 
these studies arc not only' interesting, but also represent 
valuable contributions. At the same time, their subject 
matter extends somewhat beyond the central theme of this 
monograph. For the sake of clarity and emphasis their 
omissions became, in many instances, a necessity. 

The writer wishes to take this opportunity of expressing 
bis acknowledgment for considerable aid received through- 
out the course of the work, the results of which arc contained 
in this monograph. I am particularly indebted to Profes- 
sor S. Burt Wolbach who kindly’ read some of the chapters 
of the original manuscript and who for the past ten years 
has placed at my disposal in the Department of Pathology 
many of the necessary facilities for properly conducting the 
experimental work. It is with considerable pleasure that I 
lecall the two years spent at the Henry Phipps Institute of 
the University of Pennsylvania with Prolessor & L. Opie. 
It is under Ius stimulating influence that I began my experi- 
mental investigation on inflammation. I am likewise con- 
siderably indebted to Professor Walter B. Cannon for kindly 
suggesting to the Editorial Board of the Experimental Bi- 
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Chapter I 

NORMAL VALUES 

By “ normal value ” is meant the amount of a constituent 
present in the body fluid or excretion of a healthy human 
being. In fact, this amount varies over a range, and while 
most healthy persons can be included in a class having 
the accepted “ normal ” amount, some individuals are found 
to show divergent figures. Such exceptional individuals 
are often entirely “ normal ” in all other investigated re- 
spects. The judgment, therefore, of whether a given 
analytical figure is “ normal ” will depend on the expert- 
ence and total data at the command of the interpreter of 
the result. 

The values given below are taken from the literature 
and from our accumulated results. In most cases they are 
assumed to apply to the method of analysis given here. 
This assumption is generally the result of a direct comparison 
between the method given and a method which has been 
“ standardized for normal human beings ” ; in other cases, 
inspection of a large collection of determinations prompts 
the feeling that the findings of a modified method do not 
differ significantly from those “ accepted.” It must be 
emphasized, however, that in several cases (uric acid in 
blood, for example,) no reliable data of the range of 
“ normal value ” exist ; it is hoped that when more general 
agreement as to methods to be used has been attained, 
such data will be forthcoming. Blood values arc for fasting 
persons. 
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TABLE 2.— ABNORMALITIES IN* COMPOSITION OF HUMAN IlLOOD 


Constituent 

Plasma proteins (total) . 

Plasma albumin . 
Plasma globulin . 

CO, -combining power . 


Sugar 

Non-protein N 
Urea . 

Uric Acid . 

Creatinine . 

Chlorides (whole blood) 

Chlorides (plasma) 


Phosphates as I* . 
Calcium (scrum) . 


Cholesterol . 

Phosphatase . 
Bilirubin 


Clinical conditions in which hlsh values (unless otherwise 
state-t) u« found 

Anhydremia. Loir in nephritis with oedema 
(nephrosis), starvation. 

Low tn nephrosis. 

Nephrosis, anaphylactic conditions. 

Alkalosis (NnllCO, administration, intestinal 
obstruction, over-breathing). 

Low in acidosis (diabetes, starvation, nnd severe 
nephritis). 



Low in pneumonia, fever, diabetes ; all eases of 
dehydration, such ns gnstro-intrstinnl disturb- 
ances associated with diarrhoea and vomiting. 

Nephritis. Low (n rickets, 

Hyperparathyroidism. Low in tetany (infantile), 
parathyroidectomy, severe nephritis, eoeliac 
disease. 

Biliary obstruction, nephritis, nephrosis, diabetes, 
pregnancy. Low in pernicious anaemia. 

C.tncTahied bone disease, obstructive jaundice. 

Jaundice. 
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UREA 

Urea represents about 50 per cent, of the non -protein 
nitrogen of the blood. Normally there are between 20 and 
40 mg. of urea present per 100 ml. High values ate found 
in conditions associated with impaired renal function — 
particularly in chronic nephritis, but also in some cases of 
acute nephritis, prostatic obstruction, cardiac failure, etc. 

PRINCIPLE 

The sample of blood is digested with urease, and the urea 
thus converted into ammonia. After the removal of proteins, 
the colour produced by the ammonia with Nessler’s reagent 
is compared colorimetrically with the colour produced under 
the same conditions with a standard ammonium chloride 
solution. 

Direct Nesslcrization does not lead to the production of 
cloudiness in the case of protein-free filtrates from unlaked 
blood. This is due to the fact that the sulphydryl substances, 
glutathione and ergothioniene, which produce turbidities 
with Nessler’s reagent because of the insolubility of their 
mercury salts, are confined to the cells and do not appear in 
the filtrate, as is the case with filtrates of laked blood. Fil- 
trates of unlaked blood have the further advantage that no 
ammonia is contributed to the determination through the 
action of the arginase of the red cells on the arginine contained 
in most commercial preparations of urease {see Addis, 1928). 
The use of zinc hydroxide as deproteinizing reagent eliminates 
a small amount of turbidity-producing substance contributed 
by most preparations of urease. 

METHOD 

0*2 ml. of blood is added to a centrifuge tube containing 
3-2 ml, of isotonic sodium sulphate solution. 

A “ knife-point ” (about 20 mg.) of Jack Bean meal is 
added, and the tube stoppered with a Tubber bung, mixed, 
and incubated at 87° C. for 20 minutes. 0*3 ml. of zinc 
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SOLUTIONS 

Nessler's Reagent. — 11-25 g. of iodine crystals are dissolved 
in a solution of 15 g. of potassium iodide in 10 ml. of water. 
15 g. of mercury are added, and the mixture, kept cool in 
water, is shaken until the supernatant liquid has lost its 
yellow colour. This supernatant liquid is then decanted 
into a 100 ml. flask and a drop tested with 1 per cent, starch. 
If no colour is obtained, more iodine solution (prepared as 
above) is added until a drop of the mixture gives a faint 
reaction with starch. 

The total solution is then diluted to 100 ml. and poured 
into 485 ml. of 10 per cent, sodium hydroxide. If the solution 
is turbid, it should be allowed to settle before use. 

Standard Ammonium Chloride Solution (containing 0-01 mg. 
of nitrogen per ml.). — 153 mg. of pure ammonium chloride 
are weighed out and dissolved in water. The volume is made 
to 100 ml. ; 25 ml. of this solution with 10 ml. of N-sulpliuric 
acid are diluted to 1 litre with distilled water. 

Isotonic Sodium Sxilphate, — Thirty g. of crystalline sodivxm 
sulphate (Na a SO 4 .10H a O) are dissolved in water and made 
to 1 litre. 

Zinc Sulphate. — Ten g. of • crystalline zinc sulphate 
(ZnS0 4 .7H 2 0) are dissolved in water and made to 100 ml. 

0-5 n •Sodium Hydroxide. — This should be accurately 
prepared, and should be titrated against the zinc sulphate. 
10-8-11-2 ml. should be necessary to produce a permanent 
pink colour with phenolphthalcin, when titrated into 10 ml. 
of zinc sulphate diluted with water. 

NON-PROTEIN NITROGEN 

The non-protein nitrogen containing substances of blood 
arc urea (10-20 mg. N), uric acid (1-2 mg. N), creatinine 
(0-5-1 mg. N), nmino-acid nitrogen (G-8 mg.), and substances 
such as glutathione and ergothioniene (5-10 mg. N per 
100 ml. of blood). The normal range of non-protein (N.P.N.) 
is from 25—10 mg. per 100 ml. Increased values are found in 
the condition', showing a high blood urea. 
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in the development of the inflammatory reaction will be 
discussed, particular attention being paid to the orderly 
sequences that occur from the initial introduction of an 
irritant until its ultimate disposal. The importance of in- 
flammation ns a significant factor regulating bacterial in- 
vasivcncss will likewise be considered. 

Historical survey of the problem. The subject of inflam- 
mation has always played a dominant part in the history of 
medicine. Hippocrates (about 4G0-377 b.c.) regarded in- 
flammation as being closely associated with fever. There 
is no uniform term in the Corpus Hippocraticum by which 
to designate inflammation. For the local heat the terms 
phlcgmone, phlogosis or phlegmasia were employed. The 
swelling was called oiderna or otikos; and the redness was 
termed erysipelas. The inflammatory process was included 
in the Hippocratic doctrine of Apostasis or the so-called 
“deposit” theory. A general disease was classified cither 
ns a fever or ns an epidemic mnlady. According to this view 
the irritating material was rendered harmless by being usu- 
ally deposited in some local cutaneous area thus forming a 
suppurative abscess. The noxious substance was believed 
to be locally eliminated by the process of “coction." Sup- 
puration promoted the termination of the general malady 
by a special digestive mechanism (coction). Thus the idea 
of parenteral digestion in inflammation, which has been 
particularly stressed in modern times, dates as far bach as 
the Hippocratic era. The Corpus Hippocraticum crrcncously 
regarded inflammation as the result of the generalized febrile 
state rather than the cause. Both fever and inflammation 
were considered os healing processes which, however, might 
prove harmful when enhanced beyond certain limits. Ac- 
cording to this theory the nature of any malady depende 
on a disturbance involving one or more of four humors 
(blood, phlegm, yellow and black bile). On the basis of this 
doctrine, inflammation was interpreted as an excess or as a 
distortion of one of these humors. This viewpoint was 
essentially accepted by Galen several centuries later; and 
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(2) “ High ” standard : 

Reading of standard x 0 . 05 x 100 
Reading of test 0-05 

Reading of standard ^ 

Reading of test 

* mg. per 100 ml. of blood or plasma. 

SOLUTIONS 

Nessler's reagent and ammonium chloride standard as 
described for urea. 

Fifty per cent. Sulphuric Acid containing Selenium Oxide . — 
Fifty ml. concentrated acid are allowed to run slowly and 
with shaking into 50 ml. of distilled water in a 100 ml. volu- 
metric flask. Selenium oxide (1 g. Se0 2 ) is added and 
shaken until dissolved. The mixture is cooled to room 
temperature, made to the mark, and mixed. 

URIC ACID 

Uric acid is normally present to the extent of 2-4 mg. per 
100 ml. of blood. In gout and in certain conditions of renal 
impairment high values are found. 

PRINCIPLE 

Blood in isotonic sodium sulphate solution is treated with 
a phosphotungstic acid reagent. This precipitates the 
proteins, and on addition of sodium cyanide to the super- 
natant liquid, the excess of phosphotungstic acid reagent pro- 
duces a blue colour with the uric acid present. The colour 
is compared with that given by a standard solution of uric 
acid. The blood must not be laked, os interfering substances, 
such ns glutathione and crgothionienc, would be liberated 
from the cells. 

METHOD 

0-2 ml. of capillary blood is pipetted into 0-2 ml. of isotonic 
sodium sulphate in a 15 ml. centrifuge tube. 0-C ml. of 
Folin’s (1931) uric acid reagent is added. The tube is 
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portant principles to Cclsus’ cardinal points, namely the 
ctiologic and the ideologic significance of inflammation. Hun- 
ter believed that inflammation could be caused by any injury. 
The deleterious agent might bo pressure, friction, heat, cold, 
corrosion, or air in wounds. (Ho regarded inflammation as 
an adaptive defensive mechanism which ultimately restored 
the injured part to its normal function.^ “But if inflamma- 
tion develops, regardless of the cause, still it is almost the 
same type everywhere, because everywhere it is an effect 
whose purpose it is to restore the parts to their natural 
^ functions. 7 ' Hunter seems to have been the first to realize 
the significance of “coagulable lymph" in limiting the extent 
of injury. He pointed out that if the coagulable lymph Is 
secreted from (he blood an adhesive inflammation results. 
Experimental evidence will be brought forward in subsequent 
chapters throwing further light on this early view concerning 
the localizing tendency of an inflammatory process. 

In the latter part of the eighteenth and the beginning of 
the nineteenth century the Ideologic concept of Hunter was 
relegated to the background. Particularly under the influ- 
ence of the French, notably Broussais (1772-1838) and 
Gendrin (1796-1890), the inflammatory reaction was re- 
garded as the disease itself which consequently had to be 
attacked. 

Even the great pioneers of the nineteenth century, Samuel, 
Cohnheim, and Virchow, emphasized the physiological 
changes in the local circulation of an inflamed area or the 
alteration in the appearance of the cell without particularly 
stressing the defensive mechanisms involved in these local 
changes. Samuel, for instance (1833-1899), stated his belief 
as follows: “The alteration of the vessel walls in all the 
changes of phenomena is recognized as the innermost nucleus 
to which the most important and characteristic events, the 
congestion and exudation, owe their origin. Cohnheim 
(1839-1884) stands out as one of the most penetrating stu- 
dents of the subject of inflammation. His contributions 
display a profound understanding of some of the principa 
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Sodium hydroxide solution (40 g. per 100 ml.) is now 
added to the hot solution until the latter is alkaline 
to phenolphthalein. The cooled solution, filtered if- 
necessary, is treated with 200 ml. of absolute alcohol, 
and allowed to stand for 24 hours. The white crystals 
are filtered off and dried in a desiccator. 

2. Preparation of reagent : 100 g. of molybdate-free 

sodium tungstate are treated gradually with a solution 
of 30 ml. of “ syrupy ” phosphoric acid (89 per cent.) 
in 150 ml. of water. The mixture is boiled gently under 
reflux for 1 hour, decolourized as above with a drop of 
bromine, cooled and diluted to 500 ml. 

Stock Uric Acid Standard ( Folin ) (— 1 mg. per ml.). — One g. 
of uric acid is placed in a 1 -litre flask. 0-6 g. of lithium 
carbonate is dissolved in 150 ml. of cold water. The car- 
bonate solution, filtered if necessary, and warmed to 60° C., 
is added to the flask containing the uric acid, which is warmed 
under the hot tap. The warm mixture is shaken for five 
minutes, cooled at once under the tap, and treated with 
20 ml. of formalin (40 per cent, solution of formaldehyde) 
and enough water to fill half the flask. A few drops of 
methyl orange are added, and then, gradually with shaking, 
25 ml. of N-sulphuric acid. The solution should turn pink 
when 2-3 ml. of acid remain to be added. The mixture is 
now diluted to 1 litre, mixed and stored in the dark in a 
stoppered bottle, when it will keep almost indefinitely. 

Uric Acid “Blood” Standard (=0*004 mg. per ml.). — 
Two ml. of the above “ stock ” standard solution are diluted 
with water and 1 ml. of 40 per cent, formalin to 500 ml. 
This solution should be made up fortnightly. 

CREATININE 
Colorimetric Estimation 
PRINCIPLE 

Creatinine gives a red colour with alkaline solutions of 
picric acid (JafFe’s reaction). A similar colour is also given 
by blood (and plasma) filtrates. It is not certain that the 
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Virchow’s views on inflammation have been abandoned 
and are now merely considered of historical interest. If 
they are briefly restated here it is due not so much to their 
significance but rather to the general influence which Virchow 
exerted on the scientific thought of his time. To Virchow 
(1821-1902) the important change in injury consisted in 
the swelling of the parenchymatous structures. The in- 
flammatory irritant was regarded as a nutritive factor 
whereby the cells become capable of attracting various 
substances from the circulating blood. The cell soon displays 
"cloudy swelling.” The inflammatory swelling is largely 
referable to the increase in cellular volume. Virchow failed 
to see the importance of the disturbance in the filtration of 
the small vessels or the protective and restorative function 
of inflammation. According to him the inflammatory reac- 
tion was largely a degenerative process: "Above all I also 
assert the degenerative character of inflammation nnd, al- 
though I designate it as an increased nutritive act, I do not 
see in it any sign of increased power, but much more an 
expression of its decrease, the basis of diminution and not 
rarely complete destruction of the function of parts.” 

A different theory to explain inflammatory processes was 
advanced in the latter part of the nineteenth century by 
E. Metchnikoff. This investigator was primarily a zoologist, 
and his views represented the outcome of careful observations 
in the realm of comparative pathology. The biological in- 
terpretation of inflammation as nn adaptive reaction result- 
ing from natural selection was the stand adopted by Mctchni- 
koff. He rejected the "nutritive” theory of Virchow and 
the views of Samuel and Cohnheim that the inflammatory 
reaction was essentially referable to alteration in the perme- 
ability of the vascular wall. To Metchnikoff the primary 
function of inflammation involves the phagocytic capacity 
of leukocytes which dispose of the bacterial irritant. The 
struggle between white cells and the irritating agent in t e 
affected tissue constitutes the primum inovens of the inflam- 
matory reaction. The enhanced permeation through the 
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CREATININE 
Photometric Estimation 

The amount of creatinine in blood is so small that the 
amount of colour in a test, which is contributed by the excess 
of reagent (alkaline picrate solution), is appreciable compared 
with that produced by the reaction of creatinine with reagent. 
The difficulty of obtaining an accurate assessment of the 
colour due to creatinine can be overcome by using the colori- 
meter as a photometer in the manner described by Delory 
and Jacklin (1942). 

The neutral gTey screen (density 0*50; cf., p. 142) is placed 
on the left-hand rack of the colorimeter, and the Ilford blue- 
green filter placed over the eyepiece. The standard solution 
is placed in the right-hand cup and its depth is adjusted until 
the two fields appear equal. The reading S is recorded. The 
test solution is now substituted in the cup to give the reading 
T. Finally, a blank consisting of 1 ml. of water and 0-5 ml. 
of alkaline picrate solution is read (reading B). 


CALCULATION 



If it is desired to avoid this calculation, a curve is made 
from the readings obtained with varying strengths or standard. 
Results can then be rcml ofT from tins curve. Since different 
preparations of picric acid may contain varying nmounts of 
impurities (c.g., dinitrophcnol), it is advisable to check the 
curve for each new batch of picric acid. 



CHAPTER II 

THE MECHANISM OF CAPILLARY FILTRATION 

As pointed out in the preceding chapter, an acute inflam* 
matory reaction is the resultant of a series of events induced 
in tissues by the presence of an irritant. These steps occur 
in an orderly sequence leading ultimately to the localization 
and disposal of the irritant. Inflammation is characterized 
by an initial disturbance in local fluid exchange. This is 
primarily referable to an alteration in the normal filtration 
equilibrium between the small vascular channels, the lym- 
phatics, and the so-called intercellular fluid. Before consider- 
ing the changes which an inflammatory irritant induces on 
the capillary vessels a brief survey of the mechanism of 
physiological filtration will be presented. 1 

The fundamental work of Ivrogh (1922, 1929) dispelled 
the earlier view that capillaries were merely inert thin-walled 
tubes whose blood supply largely depended on arteries and 
arterioles. This investigator demonstrated the independent 
contractility of capillaries and their capacity to respond in- 
dividually to the demands of adjacent tissues. This prop- 
erty is doubtless of considerable significance in grading 
filtration of fluids through a given capillary wall. 

The most satisfactory hypothesis that explains the filtra- 
tion equilibrium between blood and tissue fluid was offered 
by Starling (1896). This investigator called attention to the 
fact that crystalloidal substances, such as urea, glucose, 
salts, or creatinine, readily pass through the capillary wall 
and are found in approximately equal concentrations in the 
blood and intercellular fluid. The plasma proteins, however, 
owing to their greater molecular dimensions are relatively 

1 For an excellent detailed consideration of normal capillary filtration the reader 
ia referred to the recent reviews by E. M. Landis (1934, 1937). 
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molybdate is reduced to give a blue substance. The amount 
of blue colour produced in the solution is directly proportional 
to the amount of phosphate present. 

METHOD 

0-2 ml. of whole blood or plasma is pipetted into 3-2 ml. 
of water or isotonic sodium sulphate and treated with 0 • 6 ml. 
of 25 per cent, trichloroacetic acid. The mixture is shaken 
well, and after 5 minutes filtered through a small paper. 
2 ml. of the clear filtrate (= 0-1 ml. of blood or plasma) are 
treated at the same time as 2 ml. of the dilute standard 
phosphate solution (=0-004 mg. P) with 0-3 ml. of the 
ammonium molybdate solution followed by 0-2 ml. of the 
reducing agent (aminonaphtholsulphomc acid). The con- 
tents of the tubes are gently shaken between each addition 
and the colours are read in a colorimeter after 10 minutes 
(red or orange light filter). 

CALCULATION 

I _ Reading of standard ^ 0>004 x 100 

Blood | Reading of test ' 0-1 

phosphate * j _ Reading of standard ^ ^ 

1 Reading of test 

* mg. per 100 ml. of blood. 

SOLUTIONS 

Trichloroacetic Acid Solution . — Twenty-five g. of pure 
trichloroacetic acid dissolved in water, and diluted to 100 ml. 
and mixed. 

Acid Ammonium Molybdate. — Five g. ammonium molyb- 
date are added to a mixture of 75 ml. distilled water and 
15 ml. of concentrated sulphuric acid in a 100 ml. volumetric 
flask. The mixture is shaken until dissolution is complete 
and cooled to room temperature. The solution is then made 
up to 100 ml. and mixed. 

Reducing Agent. 0-2 per cent, aminonaphthohulphonic 



10 DYNAMICS OF INFLAMMATION 

The blood pressure in the arterioles is distinctly higher 
than that in the venules. This indicates that there is a fall 
in pressure along the course of the capillary. It is therefore 
quite conceivable that the establishment of a capillary gra- 
dient may favor filtration of fluid at the arteriole end of the 
capillary and reabsorption at the venous end. The latter 
would be expected from the Starling hypothesis only if the 
osmotic pressure of plasma proteins exceeds the level of 
capillary pressure at the venous end. This relationship was 
particularly stressed by Landis (1926) and by Schade (1924). 

Direct measurements by Landis have largely verified the 
Starling view. By introducing a micro-pipettc directly into 
the lumen of a capillary in the exposed mesentery of a 
frog this investigator was able to show that the pressure 
on the arteriolar end of the vessel averages 14.5 cm. H 2 0. 
On the venous end the level was somewhat lower, averaging 
10.0 cm. H 2 0. White (1924) estimated the osmotic pressure 
of the plasma proteins for frog’s blood to be between 10 
and 12 cm. of water. Landis (1927) reported an average 
figure of 11.5 cm. On the basis of these measurements Landis 
concluded that Starling's theory could readily explain the 
movement of fluid through the capillary wall. The gradient 
of pressure along the course of the minute vessels favors 
filtration at the arteriolar portions of the capillary and re- 
absorption at its distal part. The rate of fluid passage 
appears to depend on the balance between the capillary pres- 
sure and the osmotic pressure of the plasma proteins. These 
original conclusions were based on an assumption that the 
endothelial lining was similar to an inert membrane and 
that it was essentially impermeable to the outward passage 
of proteins. 

Churchill, Nakazawa, and Drinker (1927) demonstrated 
that the skin capillaries of the frog at any rate were not 
wholly impermeable to the leakage of proteins. These in- 
vestigators recovered from the lymph appreciable amoun 
of protein which markedly reduced the effective osmotic 
pressure of the plasma colloids. They found an average 
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METHOD 

0*2 ml. of blood is pipetted drop by drop into a centrifuge 
tube containing a mixture of 8 ml. of absolute alcohol and 
2 ml. of ether. The stoppered tube is shaken vigorously for 
about 1 minute, and is then allowed to lie horizontally, with 
an even distribution of the precipitate along the tube, for 
30 minutes. The mixture is then centrifuged, and the 
supernatant liquid poured, as completely as possible, into 
a small beaker. This is placed on a water-bath or hot plate, 
and the contents carefully evaporated to dryness. The 
residue is washed 'Out with about 4 ml. of chloroform, in 
three portions, into a glass-stoppered 10 ml. measuring 
cylinder, and the volume made to 5 ml. with chloroform. 

0*5 ml. (=0-5 mg. of cholesterol) of the cholesterol 
standard is added to a similar container and diluted to 5 ml. 
with chloroform. To each solution are added 2 ml. of acetic 
anhydride, and 0-1 ml. of concentrated sulphuric acid. The 
cylinders are stoppered, and their contents mixed and 
allowed to stand in the dark for 10 minutes. The two solu- 
tions are then compared in the colorimeter. (Red or orange 
light filter.) 

CALCULATION 
. __ Reading of standard x 0 . 5 x 
Total 1 Reading of test 0-2 

cholesterol * 1 Reading of standard ^ 

( Reading of test 

* mg. per 100 ml. of blood. 

Cholesterol Standard . — 0-1 g. of pure cholesterol in 100 ml. 
of chloroform. 

GLUCOSE 

Titrimetric method for “ True Sugar ” 

Harding’s (1932, 1933) modification of the Schaffer-Hart- 
mann method. This method gives “ true sugar values ” 
as opposed to total reducing substances when applied to the 
filtrate of unlaked blood described below. 
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gators find it difficult to agree with Drinker and Field (1931) 
that lymph and tissue fluid are essentially identical. They 
believe that lymph has usually a higher protein concentra- 
tion than the tissue fluid bathing the outside of the capillary 
wall. They ascribe wide variations to the protein concentra- 
tion of lymph. These variations may be referable to such 
factors as the rate of filtration and the relative amount of 
absorption. The slower the filtration and the more complete 
the reabsorption, the more will the lymph differ in composi- 
tion from the tissue fluid. The converse state of affairs 
would favor a closer identity to the composition of the two 
fluids. Drinker and Field (1933) in answer to these criti- 
cisms bring forward evidences indicating that the protein 
concentration of lymph is subject to wide fluctuations. For 
instance in active motion the concentration becomes ap- 
preciably reduced owing to dilution of the capillary filtrate. 
They reiterate their view' that the tissue fluid may likewise 
show variations ranging roughly between 0.3 and 4.0 per 
cent of protein. It is their belief that since lymph is of 
similar composition it follows the same fluctuations in protein 
content, depending on factors such as changes from rest to 
activity, or alteration in the permeability of the blood 
capillaries. The difficulty in the solution of this question 
seems to reside primarily in the inability to obtain normal 
tissue fluid for protein determination. 

The inferences on the relative impermeability of the hu- 
man capillary wall to proteins are drawn from observations 
on the changes in filtration rate produced by fluctuations 
in venous pressure and in the colloid osmotic pressure of 
the blood The correctness of this view would indicate that 
the osmotic pressure of the plasma proteins in the human 
is the primary effective force in inducing absorption of fluid. 
The measurements w r ould thus completely support the Star- 
ling theory. It is also interesting to note that to cause a 
dominance of filtration a rise of 25 cm. H 2 0 (or 18 mm. o 
mercury) in the venous pressure is fully sufficient. This 
indicates that a normal human is alw r ays fairly close to t e 
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(£ inch) test-tube. A “ blank ” is prepared -with 2 ml. of 
distilled water and 2 ml. of reagent. Both tubes, stoppered 
lightly with cotton wool, are placed in a boiling water bath 
for exactly 10 minutes. They are then cooled at once under 
the tap. To each is added 1 ml. of 2 per cent, potassium 
iodide and 1 ml. of 2 N-sulphuric acid. After standing 1 
minute the contents of each tube are titrated with n/200 
sodium thiosulphate. One per cent, soluble starch (made up 
in water or, better, in saturated phenol red solution) is used 
as indicator. The titration figure of the test solution is 
subtracted from that of the “ blank.” 

CALCULATION 

1 ml. n/200 thiosulphate = 0-116 mg. glucose 
The ml. of thiosulphate given by the difference between 
the “ blank ” and “ test ” titrations is equivalent to the 
amount of glucose present in the “ test.” Hence : — 

ml. n/ 200 thiosulphate x 0-11G = mg. glucose in 2 ml. 
filtrate (i.c., in 0-1 ml. blood) 

And therefore : — 

ml, n/ 200 thiosulphate) 

X 0-116 x — r ~ glucose P er ml. blood 

X 0-1 ) 

i.e., 

ml. N /-00 tjuosulphate j _ m g D f g] ucose p er xoo ml. blood. 

If the blood-sugar value thus obtained is greater than 
400 mg./lOG m\. t the determination should be repeated, using 
ns test solution a mixture of 1 ml. of filtrate and 1 ml. of 
water. The result then obtained is multiplied by 2. 

SOLUTIONS 

'^Isotonic Sodium Sulphate-Copper Sulphate Solution (to 
prevent glucolysis).— A mixture of 320 ml. of 3 per cent, 
sodium sulphate and 00 ml. of 7 per cent, copper sulphate 
(CuSO t . 511,0). 
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Hesselmann (1932) was able to confirm the presence of the 
gradient in the tongue and mesentery of urcthanized frogs. 
Contrary to the findings of Rous who reported that nerve 
section fails to obliterate the gradient, Hesselmann claimed 
that upon cutting the sympathetic nerve to the tongue, the 
gradient disappears. The possibility, however, of injury to 
capillaries by both urethane and prolonged exposure is not 
precluded in the experiment of Hesselmann. 

On the basis of his results, Rous cast serious doubt on the 
validity of the Starling hypothesis as an adequate explana- 
tion of fluid exchanges. Rous and Smith (1931) failed to 
confirm Landis’ observation on the passage of trypan red 
(vital red HR) through the capillary wall of the frog mes- 
entery. Landis (1927a) reported that this dye frequently 
escaped from an individual capillary “in greater amount 
outside the arterial portion of the vessel." In view of the 
elevated pressure at the arterial end of the capillary, this 
was interpreted as additional evidence supporting the pres- 
sure gradient hypothesis. Rous and Smith correctly pointed 
out the possibility of capillary injury and distortion as a 
result of prolonged exposure to physiological solution. The 
findings of Rous and Smith in this connection were con- 
sistent. Trypan red, as well as trypan blue and Chicago 
blue 6B, escaped first from the distal portion of the capillaries 
and the smallest venules. Landis has recently criticized 
these observations by remarking on the large amounts of 
dye utilized by Rous and Smith and on their failure to 
measure capillary pressure (1934). It is difficult to see how 
the amount of dye injected would be the conditioning factor 
in inducing the formation of the characteristic permeability 
gradient. Landis (1934) insists that observations made 
with relatively poorly diffusible dyes should not be stressed 
too far in the evaluation of their results: “The gradient is 
therefore demonstrable only with dyes whose diffusibibty 
is much less than that of the blood constituents concerne 
in nutrition. To what extent observations with poorly drt- 
hp. nnnlied to the highly diffusible 
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results obtained are identical with those found with the 
previously described titration method. The proteins are 
precipitated by sodium tungstate and copper sulphate 
(Sofnogyi, 1931) and the filtrate is treated with a modified 
Harding and Downs (1933) copper reagent, from which the 
iodate is omitted. The cuprous oxide formed is estimated by 
the colour produced with an arscno-molybdic acid solution 
(Nelson, 1944). s 

''METHOD / 

0-05 ml. of whole blood is pipetted into 1-85 ml. of isotonic 
sodium sulphate-copper sulphate solution in a conical centri- 
fuge tube. 0-1 ml. of sodium tungstate is added, and the 
mixture is well shaken. The precipitated proteins and 
copper tungstate are spun down in the centrifuge. 1 ml. of 
the supernatant fluid (= 0 • 025 ml. of blood) is mixed with 
1 ml. of the mixed copper reagent in a £ in. diameter test- 
tube. The tube, stoppered with cotton wool, is placed in a 
boiling water-bath for exactly 10 minutes. After immediate 
cooling, 3 ml. of the arseno-molybdic acid reagent arc added. 
The colour is compared, after 10 minutes, with that produced 
by 1 ml. of a standard glucose solution in benzoic acid, 
treated in the same way as the blood filtrate. (Red or orange 
filter.) 


CALCULATION 


Let X == concentration of standard in mg. per ml. 

X X X 


-n, i * Reading of standard 

Blood sugar * = — — ■■ - f 

Reading of test 


e.g., with 0 02 mg. 
per ml. standard, 
Blood sugar * 


| _ Reading of standard x 0 . q Q 
J Reading of test 

1 _ Reading of standard 
1 Reading of test 


100 

0-025 

X 100 
0-025 


Similarly, with 0 -05 j 
mg. per ml. stan- >■ 
dard, Blood sugar * J 


Reading of standard OQ0 
Reading of test 


mg. per 100 ml. blood. 



CHAPTER III 

THE CAPILLARIES IN INFLAMMATION 

The introduction of a chemical or bacterial irritant into 
normal tissue is followed by definite disturbance in the 
filtration equilibrium. There is a local increase in the passage 
of plasma as evidenced by the edema which may develop 
fairly early. Both the capillary pressure and the permeability 
gradient are so profoundly altered as to favor enhanced fluid 
accumulation in the affected tissue. The principal forces at 
play in promoting these changes may be listed as follows: 
(1) Increased capillary pressure accompanying local vaso- 
dilatation; (2) Increase in the actual number of functioning 
capillary channels; (3) Increase in capillary permeability. 
The frequently encountered initial constriction of the small 
vessels will not be discussed here owing to the lack of exact 
data on the mechanism and significance of this phenomenon. 
The rSIe of lymphatics in the early and later stages of the 
inflammatory reaction is of such importance for a clear 
understanding of fluid exchange in injury as to warrant a 
separate and detailed description in a subsequent chapter. 
For the purpose of conciseness in the present discussion, 
the writer will restrict himself to a description of the main 
factors favoring increased plasma filtration. 

Local vasodilatation and increased capillary pressure. Kr ''gh 
(1922) assumed that the increased filtration through the 
capillary wall following the use of urethane was referable 
to the stretched endothelium of the dilated capillary. Landis 
(1927a) demonstrated by intravascular injection of dyes 
that there was no measurable increase in permeability with 
dilatation of the capillary. The passage of fluid seemed to 
be primarily referable to the level of intracapillary pre^yre. 

This investigator regards the effect ' -as* 

16 ' . 
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administration, and measurement of the rate at which it 
disappears from the blood is used as a test of liver function 
(King and Aitken, 1940), and of thyrotoxicosis (Barnes and 
King, 1942). 

PRINCIPLE 

The glucose can be completely removed from diluted blood 
by fermentation with washed baker’s yeast. Galactose 
remains unattached and can be estimated in the depro- 
teinized filtrate of the blood by the copper reduction method 
used in the estimation of blood glucose. 

METHOD 

Fresh baker’s yeast (2 g.) is well washed by shaking with 
distilled water (10 ml.) in a centrifuge tube. The yeast 
is spun down ; stirred up with a fresh 10 ml. of water, well 
shaken, and again centrifuged. The washing is repeated a 
third time. The yeast is finally stirred and shaken with 
10 ml. of isotonic sodium sulphate and is ready for use. 

The blood sample (0-2 ml.) is added to 2-5 ml. of a mix- 
ture of 22 ml. of isotonic sodium sulphate and 8 ml. of 
10 per cent, sodium tungstate in a centrifuge tube. One ml. 
of yeast suspension is added. The contents of the tube 
are thoroughly mixed with the aid of a glass rod, and the 
tube is then incubated in a water thermostat at 37° C. for 
15 minutes. 

The proteins are precipitated by the addition of 0-3 ml. 
of 7 per cent, copper sulphate. The proteins and the yeast 
are filtered off or centrifuged (for 5 min.) and the galactose 
determined in 2 ml. of the supernatant fluid (equivalent to 
0-1 ml. of blood) by the titration method described for blood 
glucose. 

A blank determination consisting of 2*7 ml. of isotonic 
sulphate-tungstate and 1 ml. of yeast suspension is carried 
through at the some time as the other tests. The blank 
determination on the yeast should give the same figure in 
ml. of thiosulphate as is given by the blank determination 
with water, which is always carried out in the sugar 
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its permeability or capacity for passing fluids. Cohnheira 
called attention to this phenomenon about fifty years ago. 
Landis (1927a) pointed out that capillaries injured by alcohol 
and mercuric chloride appear to be both permeable to the 
plasma colloids and approximately seven times more per- 
meable to fluids than the normal capillary wall. 

The extent of injury to the capillary wall can be demon- 
strated in the early phase of the inflammatory reaction by a 
variety of means. For instance, graphite particles that 
normally fail to pass through the endothelial membrane 
readily do so in the early stage of the inflammatory process 
(Menkin, 19316, see Fig. 1). Another convenient method 



Fig. 1. Camera lucida drawing, showing passage of graphite 
particles through capillary walls into area of inflammation in- 
duced by croton oil (about 6 hours duration). Magnified approT- 
imatcly 970 X. (From Menkin, J Exp. Med., 1931, 63, 647.) 

of demonstrating the alteration in the permeability of the 
endothelial wall in injury is with the use of intravenously 
injected dyes. Trypan blue and other dyes introduced 
into the circulating blood promptly accumulate in an in- 
flamed area. The localization of vital dyes in areas of inflam- 
mation had been demonstrated by several investigators. 
MacCurdy and Evans (1912) pointed out that the normal 
brain and cord always remain free from dye injected intra- 
venously but that areas of damage, such as softening^ or 
inflammation, become stained deeply. Bowman, Winternitz, 
and Evans (1912) found that trypan blue injected intra- 
venously stains tubercles in experimental tuberculosis. Sub- 
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METHOD 

This method is adapted from the procedure of Bratton 
and Marshall (1939). 0 • 2 ml. of blood is added to 3 *2 ml. of 
water or isotonic sodium sulphate ; 0 ■ G ml. of 23 per cent, 
trichloroacetic acid is added. The mixture is vigorously 
shaken, and filtered or centrifuged ; 2 ml. of the filtrate 
( = 0*1 ml. of blood) are transferred to a test-tube and 1 drop 
of sodium nitrite solution added. The tube is shaken and 
left for 8 min. ; 1 ml. of ammonium sulphamate solution 
is added and the mixture left for 2 min. with occasional 
shaking. Two ml. of naphthyl ethylene diamine solution are 
now added and the mixture shaken. The coloured solution 
is compared with a standard prepared in the same way from 
2 ml. of standard solution ( ~ 0-001 mg. sulphanilamide). 
The use of a yellow-green light filter (e.g., Ilford spectral 
yellow-green) facilitates the comparison. 

Total sulphanilamide is determined by heating 2 ml. of 
filtrate with 0*5 ml. of N-hydrochloric acid in a 5 ml. volu- 
metric flask in a boiling-water bath for I hour. The cooled 
contents of the flask arc then treated with sodium nitrite, 
&c. as in the procedure for free sulphanilamide, and the 
volume adjusted to 5 ml. with water. 


CALCULATION 

i Reading of standard ^ Q Q(H ^ 100 
Blood sulphnnil-S Reading of test 0*1 

amide * j _ Reading of standard ^ ^ 

1 Reading of test 

* mg. per 100 ml. blood. 

If the colour of the test is more than twice as strong as that 
of the standard, the determination should be repeated with 
1 ml. of filtrate plus 1 ml. of w'atcr. 

If sulphapyridine or sulphathiazolc is determined by the 
above procedure, and with a sulphanilamide standard, the 
value obtained is multiplied by 1*4 to give the mg. sulpha- 
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area when the dye has previously been injected into the 
blood stream. Mcnkin (1029) demonstrated that trypan 
blue injected into the circuiting blood enters rapidly the 



Fia. 2. The accumulation of trypan blue in 
arena of inflammation when the dye was injected 
into tho circulating blood stream The areas of 
inflammation, which were of about four hours’ 
duration, were induced in the skin of the ab- 
domen of a rabbit by injection of concentrated 
broth The dye was injected intravenously fifteen 
minutes after the injection of the irritant. 

site of inflammation and is fixed there, so that the tissues 
are deeply stained (Fig, 2). Furthermore, trypan blue in- 
jected directly into the site of inflammation in the subcutane- 
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the oxygen-carrying power of blood. These yield valuable 
information concerning one important function of the blood, 
but they may provide a false picture of the pigment meta- 
bolism, since they take no account of inactive haemoglobin 
which may be capable of regeneration to the active form. 
They may imply the presence of anaemia where none exists. 
For this reason it has been deemed preferable (Clegg and King, 
1942) to utilize the iron content of blood as a measure of its 
haemoglobin content. Blood contains about 50 mg. of iron 
per 100 ml. and almost all of this is present in the form of 
haemoglobin. Only a fraction of a mg. of non-haemoglobin 
iron is present in normal blood and this is largely con- 
fined to the plasma. Since all forms of haemoglobin contain 
iron in the same proportion, its estimation serves to give the 
total haemoglobin content of the blood. 

Authorities differ as to the percentage of haemoglobin in 
blood which they regard ns a normal figure. The three most 
commonly used arc given in Table 3. There is an in- 
creasing body of evidence to show that Haldane’s (1900) 
figure of 10.8 g. of haemoglobin is too low and that the Hadcn 
(1922) value of 15-0 g. per 100 ml. (20-9 ml. 0 2 ) is a more 
normal figure (cf., Peters and Van Slykc, 1932 ; lVnrdlaw, 
1941). This is the figure we have used and which has seemed 
adequately to represent our normal healthy cases ; it has 
given colour indices averaging unity for healthy persons and 
trented anaemias. 


Taui.k 3 . — Concentrations of“ Normal ” Blood Standards 



IlUJane 

ll»dfn 

81J.U 

r. harmoplolilti per 100 ml. 

13-8 

ISO 


0,-copacity (ml. per 100 ml.) 

18 5 

eo-o 

21-0 

mp. 1 c i<r lOO ml 

40-2 

32-2 

37- 0 


Four methods for estimating haemoglobin arc given. The 
nlbalinc nnd the cvnndmemntin methods estimate the total 
haemoglobin. The cyan-mcthacmoglobin method estimates 
oxidized nnd reduced haemoglobin, carboxyhncmoglobm nnd 
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0 1 Z Z 4 S 6 *» 

Time : minutes after injection of dye 

# observed normal values 
A observed values, inflamed mesentery 

— concentration of dye in capillaries of normal mesentery (calculated) 
concentration of dye in capillaries of inflamed mesentery (calculated) 

O logarithm of observed normal values 
A logarithm of observed values, inflamed mesentery 

Flo. 3. The change in concentration of trypan blue in the capillaries of the 
mesentery. (From Menkm and Menlcin, J. Exp. Med , 1930, 61, Zoo-; 
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thereafter be used as a standard. Grey screens are mounted 
in optical glass and are procurable in any size and shape to 
fit any instrument. 

Colorimetric. The haemin standard recommended by 
Clegg and King (1942) may be used interchangeably with 
a neutral grey screen for the comparisons in the alkaline 
haematin method. It is convenient to standardize a grey 
screen in combination with an liford mercury green filter in 
a Duboscq, or with a Chance green filter in a photoelectric 
colorimeter, by reference to a standard haemin solution. 
The haemin used by us for all standard solutions is British 
Drug Houses’ crystalline haemin. 79*4 mg. of pure haemin 
(8-57 per cent. Fe) dissolved in 1 litre of n/ 10 NaOH gives the 
same intensity of colour as blood of 15-6 g. haemoglobin per 
100 ml. when diluted 1 in 100 in soda, and compared, using 
a green light filter. Samples of haemin of other than theo- 
retical iron content should be used proportionately, e.g. 81 mg. 
of B.D.H., 8-41 percent. Fe haemin (79 • 4 X 8-57/8-41 ==81). 
New standards should be prepared at regular intervals — e.g. 
of two or three months. 

For the cyan-haematin method a standard solution of 
30-4 mg. of pure haemin of 8-57 per cent. Fe (31 mg. haemin 
of 8-41 per cent. Fe) in 1 litre of 1 per cent, sodium cyanide 
gives the same colour as 15-6 g. of haemoglobin treated first 
with hydrochloric acid and then with excess sodium cyanide, 
at a final dilution of 1 in 200 (King & Gilchrist, 1947). 

PROCEDURES 

Cyan Haematin. Macro Method. 0-5 ml. of blood arc 
treated in a 100 ml. flask with 75 ml. n/10 HC1 and left till 
the transformation to acid haematin appears to be complete, 
e.g. 5 to 10 minutes. Thereupon 20 ml. of 5 per cent. NaCN 
solution arc added and water to the mark. The colour is read 
against the cyan-haematin standard with a green light filter. 

Micro Method . 0-05 ml. blood are added to 4-95 ml. x/10 
HC1, left for 5 to 10 minutes, and then 5 ml. of 2 per cent. 
NaCN added. 

Alkaline Haematin. Method 1. 0*05 ml. of blood is 
diluted with 4 -95 ml. of n/10 NaOH, heated in a boiling-water 
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MECHANISM OF INCREASED CAPILLARY 
PERMEABILITY 

The precise mechanism involved in the initial augmenta- 
tion of capillary permeability in injury is obviously of con- 
siderable importance for an adequate understanding of the 
subsequent sequences in the development of an inflammatory 
reaction. In 1923 Ebbecke postulated that a substance is 
formed by irritated epithelium which on diffusing to the 
cutis dilates the capillaries and smallest arterioles. Subse- 
quently Lewis (1927) postulated the development of a type 
reaction primarily referable to a chemical H substance lib- 
erated from injured tissue. The H substance is presumably 
histamine or a substance having similar properties and there- 
fore resembling it closely. According to Lewis and Grant 
(1924) the type reaction elicited by the cutaneous injection 
of histamine manifests itself in three ways: a, a local vasodila- 
tation of capillaries, venules, and arterioles by direct action; 
b, a widespread dilatation of outlying arterioles resulting 
from a local reflex; and c, an increase in the permeability 
of the minute vessels by direct action. This type reaction 
leads to local edema of the skin. 

The conclusions of Lewis and Grant (1924) appear to be 
based largely on an analogy of the type reaction obtained 
by histamine with that of a variety of other injurious agents* 
When more direct tests were performed on the effect of the 
skin wheal fluid on the contraction of the guinea pig uterus, 
they were unable to obtain any evidence that histamine 
was liberated in larger quantities from injured tissue than 
was found in normal plasma. 

Krogh (1929) accepts unreservedly the view first fore- 
shadowed by the work of Ebbecke (1923), and later chie y 
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optical density of any screen supplied may not be quite that 
which was ordered, but the density is always stated exactly. 

With Duboscq colorimeters the screen (1 in. diameter) is 
placed on the left-hand rack in place of the standard cup, and 
the rack adjusted so that the screen is against the bottom 
of the plunger. The green light filter (f in. diameter) is 
placed over the eye-piece. The coloured solution is placed in 
the cup on the right-hand side, and its depth is adjusted until 
a match is secured. Several readings are made and the 
average depth in mm. recorded. 

In Table 4 are given the readings for test solutions 
prepared from six normal bloods according to the three 
colorimetric methods, and read against the grey screen on 
three different colorimeters of the makes most commonly in 
use. The same grey screen was used, but different spectrum 
green light filters. The same readings were obtained with 
all three instruments for any blood treated by any one 
method. The readings have all been calculated to a common 
basis — i.e., the depth in mm. at which the bloods, whose 
0 2 -capacities had been accurately determined by Van Slyke, 
would match the grey screen when diluted to a haemoglobin 
content of 15 -6 g. corresponding to 20-9 ml. 0 2 . 


Tabbe. 4. — Ilford Neutral Grey Screen Equivalents of 
Colorimetric Haemoglobin Methods 

(Duboscq colorimeters, 0 5? density grey screen and Ilfotd 
spectrum green filter; average readings for 10 bloods.) 

Aik. liacmatin Cyanmet-Hb Carboxy-Hb 


1 


1 


Av. for each 
colorimeter 

(mm). . . 10-05 10-00 O' 88 14 57 14 53 14- 

Av. for all colori- 


meters (mm). . 

Coefficient of 

variation (%) . 
Equiv. of 0-50 
density grey 
screen (mm).* 


9-98 


3-03 
„ 0-50 


14 CO 


1 


0 14 73 14 77 14-78 


0-50 
14 0-57 


1. Kausch and Lomb colorimeter, macro cups and plungers. 

2. Bausch and Lomb biological type colorimeter, micro cups and plungers. 
3. , ivictt colorimeter, macro cups and plungers. 
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tion to injury. The contention raised by Bous and Gilding 
has been reinvestigated by Wayne (1931) who arrives at 
the conclusion that the vascular reactions resulting from 
injury to the skin are due to a liberated substance, either 
histamine or some substance closely allied to it. This worker 
answers the objection of Itous and Gilding by maintaining 
that the vasoconstrictor effect of Bier's spots can overcome 
the slight local vasodilatation produced by histamine, pro- 
vided the latter is introduced elcctrophoretically into the 
skin in a diffuse manner and in low concentrations. The 
vasoconstriction will, however, not prevail over a more 
intense local vasodilatation induced by greater concentra- 
tions of histamine. He therefore concludes that the vessels 
of the skin, under the influence of cither histamine or the 
H substance liberated by injury, behave similarly towards 
Bier’s spots when the two are distributed in a comparable 
way throughout the tissue spaces. 

A study was undertaken by Menkin (1930) in order to 
determine whether one or more substances could be obtained 
from inflammatory exudates which, when introduced into 
normal cutaneous tissue, would induce local vasodilatation 
and an increase in the permeability of the capillary wall. 
Furthermore, the properties of the active fractions which 
have been obtained from inflammatory exudates have been 
compared with histamine in an endeavor to test Lewis’ hy- 
pothesis. In brief, the writer’s observations indicate that a 
diffusible and apparently crystalline material capable o 
increasing capillary permeability is present in various types 
of inflammatory exudates. Its liberation and presence in 
exudates offers a reasonable explanation for the mechanism 
of increased permeability of small vessels in injured tissue. 
By appropriate tests this active principle has been shown o 
lack the properties characteristic of histamine (Men in; 
1936, 1938, 1939a). No concrete evidence was at first ob- 
tained to support Lewis' view of a detectable histamine- 1 e 
substance in exudates or in their partially purified fractions. 
The possibility, however, that histamine exists in exudates 
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Fia. 4. The dermis of the abdomen of a rabbit treated with van* 


i exudate treated with saturated (NTMjSO* and di* 

alyzed- The dialysate was concentrated to about 1/1 7th of its orig- 
inal volume and inoculated in the skin. Note the considerable ac- 
cumulation of the dye in the area. 

2a The dialysate in area 1 was treated with 10 per cent BaCb to 
precipitate out the SOT ions The supernatant fluid was diluted 
with an equal volume of phosphate buffer mixture (pH 7.43) and 
inoculated intracutaneously. The accumulation of dye is a con- 
spicuous feature. 

3 The protein material of the exudate remaining in the cellophane 
bag after dialysis. The dialysate of this sample was injected after 
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ammonium chloride solution (containing 0 ■ 01 mg. of nitrogen 
per ml.) and 3 ml. of Nessler’s solution. A violet light 
filter may be used with advantage in this colorimetric 
comparison. 

CALCULATION 

Reading of standard x Q 05 x 100 x 6-25 
Reading of test 0 • 005 1000 

Reading of standard x q .%5 
Reading of test 

* g. per 100 ml. of plasma. 

Note. — If the highest accuracy in the total protein 
estimation is not necessary, the 0-5 ml. of diluted plasma 
may be digested with sulphuric acid without the preliminary 
precipitation of the protein with zinc hydroxide. The 
results will be approximately 0-15 per cent, too high. 0*15 
per cent, protein corresponds to the average non-protein 
nitrogen equivalent of 24 mg. per 100 ml. of normal plasma. 
This simplification should only be used in cases where the 
N.P.N. is known not to be elevated. 

(B) Fibrin. To 10 ml. ( = 0 • 1 ml. of plasma) of the solution 
of plasma in isotonic sodium chloride, placed in a narrow 
tube, is added 0-2 ml. of calcium chloride solution. The 
mixture is kept at 37° C. until clotting occurs. The fibrin 
is carefully collected on a thin glass rod, pressed to remove 
liquid, washed with water, and dropped into a test-tube for 
digestion. This, and also the colorimetric estimation, is 
carried out exactly as in the case oftotal protein. 


Total 

protein- 

(A)* 


CALCULATION 

1 = Riding of standard x Q Q5 x 100 6*25 

Reading of test ° (Pi X 1000 

— Reading of standard x 
Reading of test 

t R. per 100 ml. of plasm ». 
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PLASMA PROTEINS 
Kjeldahl Method 
PRINCIPLE 

The plasma proteins ate precipitated by molybdic acid and 
the precipitate is digested with sulphuric acid. By this pro- 
cess the protein nitrogen is turned into ammonium sulphate. 
The digested mixture is transferred to a distillation apparatus 
and the ammonia is liberated by adding an excess of sodium 
hydroxide. The ammonia is distilled by steam and is carried 
over into on excess of standard sulphuric acid solution. By 
titration of the excess of standard acid, that amount of it 
which has been neutralized by the ammonia is determined. 
From this the percentage of proteins is calculated. 

The albumin, and by difference the globulin, is determined 
in a similar manner in the filtrate from a sample of plasma 
which has been treated with sodium sulphite solution. 
Treatment of the solution with sodium sulphite brings about 
precipitation of the globulin fraction and leaves the albumin 
in solution. 


METHOD 

Total Protein. 0-2 ml. plasma (from oxolatcd blood) is 
mixed with 5 ml. of water in a round-bottom Pyrcx centrifuge 
tube. To this mixture arc added 0-2 ml. of 7-5 per cent, 
sodium molybdate and 0*2 ml. of 5 N-sulplmric acid. The 
tube is shaken nnd centrifuged for 5 min. The supernatant 
fluid is completely decanted ofT and the tube inverted and 
allowed to drum on a filter paper. Two ml. of 50 per cent, 
sulphuric acid (containing I per cent, selenium dioxide) 
are added, together with a small piece of porous pot. The 
mixture is heated on nn electric coil heater or with a very 
small gas flame and is gently boiled until blnckening occuts ; 
thereafter the heating is continued for about 2 hours. If a 
condensate of selenium (reddish-brown deposit) forms at the 
side of the lube, it is returned to the body of the digestion 
mixture by gentle shaking. 
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inflammatory exudate. 1 Yet these investigators assume 
without any evidence, that this is presumably referable to 
the loose combination of histamine with proteins or by ad- 
sorption of colloids. In brief, their observations on the 
contraction of the isolated intestine of the guinea pig simply 
indicates that histamine probably exists in exudates, and 
can by appropriate extraction, be demonstrated. This, as 
mentioned above, has been surmised and known. 

The permeability factor (i.e. leukotaxine) recovered and 
isolated from an exudate displays none of the specific prop- 
erties of histamine. Yet leukotaxine is capable per se of re- 
producing the same type of reaction as the whole exudate. 
The mutual, non-specific properties of leukotaxine and hista- 
mine (e.g. dialyzing property, etc.), listed by Rocha e Silva 
and Bier seem quite insignificant for the most part, inasmuch 
as they are true of numerous other unrelated substances. 
These investigators have failed to repeat the work on the 
chemical extraction of leukotaxine from exudate. They have 
worked solely with whole exudates. They have thus been 
unable to establish the fact that leukotaxine is histamine; 
whereas the writer has definitely demonstrated that leuko- 
taxine has a great many physiological and chemical prop- 
erties differing from those of histamine (Menkin, 1936, 1938, 
1939a). 

A single very important concrete evidence which nullifies 
the contention of these investigators is indicated by the 
following observation: A sample of leukotaxine, capable 
per se of actively inducing increased capillary permeability 
and leukocytic migration is extracted for the presence of 
histamine by the method of Barsoum and Gaddum (1935). 
According to the contention of the Brazilian workers (1938), 
by this procedure, the presence of any depressing impurities 
in leukotaxine, capable per se of overshadowing the con- 
tractile effect on the intestine of histamine, would thus be 
eliminated. The final extracted material not only fails to 

* This is generally found to be the case even when the concentration of histamine 
is a9 low os 1 500,000 (See footnote, page 27.) 
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process is repeated two or three times to ensure thorough 
cleansing of the distillation chamber. For the precautions 
which should be observed in performing the micro-Kjeldahl 
procedure, Pregl’s “ Quantitative Organic Microanalysis,” 3rd 
ed., p. 88, should be consulted. 


CALCULATION 


1 ml. n/70 H 2 S0 4 =0*2 mg. of nitrogen 


Total Protein * 


= ml. n/70 H 2 S0 4 t X 0-2 x x SJjjj 
' 0-2 1000 

= ml. N/70 H 2 S0 4 X 0 - 625 


* g. per 100 ml. of plasma, 
f neutralized by the ammonia. 


Albumin. 0-5 ml. of plasma and a small drop of caprylic 
alcohol are placed in a 10 ml. volumetric flask or cylinder 
and 42 per cent, sodium sulphite solution is added to the 
mark. The mixture is well mixed and allowed to stand for 
15 minutes, when it is filtered through a Whatman No. 82 or 
42 filter paper. Five ml. of filtrate (= 0*25 ml. of plasma) 
are transferred to a round bottom Pyrex centrifuge tube. 
A drop of caprylic alcohol and 1 ml. of 50 per cent, sulphuric 
acid are added. The tube is shaken to drive off the S0 2 
liberated from the sodium sulphite by the sulphuric acid. 
0-5 ml. of 7-5 per cent, sodium molybdate is added to pre- 
cipitate the albumin and the tube is shaken and centrifuged. 
The supernatant fluid is carefully decanted off and the tube 
drained. The subsequent analysis is carried out exactly as 
described for total protein. 


CALCULATION 


... .( = mL N / 70 H * SO >§ X 0-2 X ^22. X — 

Albumm JJ ” 0-25 1000 

( = ml. N/70 H 2 S0 4 x 0*5. 


* g. per 100 ml. of plasma. 

§ neutralized by the ammonia. 
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well and filtered after 5 minutes; 0*2 ml. of the filtrate 
( s0*05 ml. plasma) is transferred to a centrifuge tube 
containing 1 ml. of absolute alcohol and 0-4 ml. of zinc 
uranyl acetate reagent. The contents are mixed and kept 
in the ice-box overnight;* they are then centrifuged for 
15 minutes. The supernatant solution is decanted, the tube 
allowed to drain on a filter paper for 10 minutes, and the lip 
dried ; 5 ml. of absolute alcohol saturated with sodium zinc 
uranyl acetate are added ; the contents arc mixed, by rotating 
the tube, centrifuged for 15 minutes and drained as before. 
The precipitate is then dissolved in 10 ml. of dilute acetic 
acid; 0*25 ml. of potassium ferrocyanide solution is added 
and after mixing the tube is allowed to stand in the dark for 
5 minutes. The coloured solution is compared with that pro- 
duced from a standard sodium chloride solution, 0*2 ml. 
( = 0*15 mg. Na) of which has been treated simultaneously 
in the same way as the deprotcinized plasma. (Colours must 
be rend within 15 minutes or a clouding may occur. Green 
light filter.) 


CALCULATION 


Plasma sodiunif-f 


Reading of sta ndard 
Reading of unknown 
Reading of standard 
Reading of unknown 


X 300 


♦ mg. per 100 ml. of plasma. 


SOLUTIONS 

Standard NoCl (containing 0-75 mg. Na per ml.). — 101 mg. 
of analytical dry sodium chloride dissolved in 100 ml. in 
water in a volumetric flask. 

Trichloroacetic Acid . — Seven g. per 100 ml. in water. 

Zinc Urant/l Acetate Reagent . — Twenty g. of uranyl acctnte, 
UO,(CIIjCOO)j. 211,0, 00 g. of zinc acetate, Zn(CH a COO) t . 

4 It K m>t powihle to obtain eomplctr precipitation of the aodium tine 
urutal acetate in a abort time. A 2 Ur. preeipltntlon may l>e tivtl, however, 
altliough the remit* will l»e lew a ecu rate. 



TABLE I 


ficntux or Extraction or LxctoTAxmn 
(Permeability Factor) 

Exudate 


Precipitate 



Dialysis against distilled water 
(2 to3houra) 



Active factor 
separates at 
—20® C. 
(Fraction C) 

(W 


Petroleum ether 

I 

Precipitate dried 


Relatively pure 
active material 
taken up in 
water (unstable) 

(Fraction M) 
( 1 )* 


Evaporated to dryness 
in pacvo 

Active crystalline mate* 
rial 

Prolonged extraction 
withbutyl alcohol 

Supernatant evaporated 
to dryness in roevo 

Stable active crystalline material 
with tarry admixture 
(Fraction C-D) - — — — 

^ w 

I 

Dilute HNO» or glacial acetic acid 
NH«OII 

Precipitate in II»0 

Dried to vacuo 

Active crystalh'ne 
material 



Water-eoluble 
active cryatallino 
material 
<7)* 


Saturated (NIDiSO* 

Dialysis against HiO 

Residual material 

Evaporated to dry- 
ness in vacuo 

Moderately active material 
(Fraction N) (8) • 


(Fraction E) 
( 2 )* 


Dialysis against HiO (24 hours) 

Residual indiffusible material 

Evaporated to dryness in vacuo 

Active material 
(Fraction 0) 

(3)* 


* The final fractions («) and (7) reveal eoneiderable worsanio impurities 
active crystalline material Fractions (1). (2). (3). (8). (9). and tosome extent (4) and 
sent leiikntaxme or the. oerraeabilitv factor DrobablV in a relatively purer form In the latiw 
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matches the colour obtained when 0*1 mg. of bilirubin is 
treated with the diazo reagent in a final volume of 25 ml. 

METHOD 

One ml. of plasma is treated in a centrifuge tube with 0 - 5 ml. 
of diazo reagent,* 0-5 ml. of saturated ammonium sulphate, 
and finally 3 ml. of absolute ethyl alcohol. The mixture is 
stoppered, thoroughly mixed, allowed to stand for a few 
minutes, and filtered. Under these conditions the dilution of 
the plasma closely approximates to l in 4, allowance being 
made for the volume of the precipitate and for the change in 
volume when alcohol is added to water. The colour of the 
clear filtrate is compared with the standard mentioned above 
( = 0 -1 mg. of bilirubin in a volume of 25 ml.) (Haslewood 
and King, 1937). 

CALCULATION 

Reading of standard Q j X — X 100 
Reading of test 25 l 

Reading of standard x ^ Q 
Reading of test 

f mg. per 100 ml. of plasma. 

It is frequently found that brownish or purplish tints 
produced in the reaction make colorimetric comparison with 
the artificial standard difficult. These extraneous colours 
(probably due to traces of substances other than bilirubin 
which react with the diazo reagent) may be eliminated by the 
use of a green light filter (see section on photometric measure- 
ment, p. 142). The green filter (Ilford spectrum green is an 
appropriate type) is placed over the eye-piece of the colori- 
meter and the reading made against the artificial standard. 
The adjustment is then made in a green field whose two 
halves arc of exactly the same quality of colour and differ 
only in intensity. The reading is taken in the usual way. 

• If the diazo reagent Is carefully “ layered ” above the plasma, and the 
tube allowed to stand for a few moments, a positive "direct " reaction (if 
present) may be scut at the liquid junction. 


Bilirubin ts 
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doubly refractive granules, of needle-like or small rod-like 
crystals, or a mixture of both types of crystalline material. 
The crystals usually appeared as if they were bound to- 
gether by the presence of an ill-defined, greyish, homo- 
geneous matrix (Fig. 9). The crystalline material formed a 
cloudy suspension in water. When the latter was allowed 
to dry gradually in a desiccator, beautiful needle-likc crystals 
occasionally separated out (Fig. 10). The similarity of the 
end-product attained by 
different analytical pro- 
cedures strongly suggests 
that one is dealing with 
the same active substance. 
The crystalline material is 
extremely active in induc- 
ing in treated cutaneous 
areas of rabbits both in- 
creased capillary permea- 
bility and prompt leuko- 
cytic migration. In view 
of its additional chemotac- 
tic property, which is to be 
described at length in the 
next chapter, the writer 
has for the sake of conven- 
ience named this active 
substance leukotaxine. 
The test for chloride im- 
purities is essentially nega- 
tive. The sodium content 
is considerably reduced 
(6.4 per cent). The qualitative test for phosphorus is likewise 
negative. The available evidence indicates that this substance 
is in all probability the active permeability factor present in 
inflammatory exudates, isolated in a form which seems to be 
relatively free of any gross impurities. 1 

* Present day methods for testing the chemical purity of proteins or presumably 



Fio. 10. High power drawing (about 
X 7C0) of nccdle-like crystals of the per- 
meability factor. These crystals were 
obtained by gradually drying m a des- 
iccator small amounts of the aqueous 
suspension of the material recovered 
after butyl alcohol purification (Fig 0). 
These crystals taken up in distilled 
water, induce prompt increased capil- 
lary permeability followed by consider- 
able leukocytic migration. (From 
Mcnkin, J. Exp Med , 1938, 67, 129.) 
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iodate, together with the silver chloride formed, is precipi- 
tated by the addition of acid, leaving in solution an amount 
of soluble iodate equivalent to the amount of chloride origin- 
ally present. After the addition of potassium iodide, the 
amount of iodine set free from the soluble iodate is determined 
by titration with thiosulphate. 

METHOD 

0-2 ml. of plasma is added to 1 ml. of water. 0*4 ml. of 
zinc sulphate solution and 0 • 4 ml. of 0 ■ 5 N-sodium hydroxide 
are added and thoroughly mixed. The mixture is then 
centrifuged. One ml. of the supernatant liquid ( ^ 0 • 1 ml. 
of plasma) is treated with silver iodate reagent (0-5 ml.) and 
after mixing, with 2 N-sulphuric acid (0 • 5 ml.). The mixture 
is shaken and filtered through a small fine paper. One ml. 
of filtrate ( = 0*05 ml. of plasma) with the addition of 1 ml. 
of 1 per cent, potassium iodide, is titrated with 0*005 N- 
sodium thiosulphate, with starch as indicator (Haslewood 
and King, 1936). 


CALCULATION 

Chloride (as mg. NaCl per 100 ml. of blood) =97*5 X titre. 

SOLUTIONS 

Preparation of Silver Iodate Reagent . — Silver iodate is 
prepared by mixing cquimolecular solutions of silver nitrate 
and potassium iodate. The precipitate is filtered, washed 
with distilled water, dried in vacuo, and preserved in the dark. 
Two g. of the dried solid are dissolved in 100 ml. N-ammonia. 
Both silver iodate and its ammoniacal solution appear to 
decompose slightly when kept, with liberation of soluble 
iodate. Immediately before a series of determinations, 
therefore, 5 ml. of the stock (2 per cent.) ammoniacal silver 
iodate are acidified with 2 N-sulphuric acid (5 ml.) and 
centrifuged. The supernatant fluid is discarded and the 
iodate redissolvcd in 5 ml. of frcsli N-nmmonia. 
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potency in the cruder fractions is not reduced by keeping it 
on ice for several weeks but occasionally its reaction becomes 
distinctly acid in contrast to an initial alkaline pH. The 
reactivity of the active factor does not seem to bear any 
direct relation to its effect on capillary permeability* 

The contact of this substance for several hours with normal 
hydrochloric acid does not seem to affect its potency. Hy- 
drolysis for about 20 hours in 5N HC1 or 9.5N NaOH in- 
activates the material. Hydrolysis, however, with normal 
NaOH fails to either destroy its activity or to dissociate the 
permeability from the chemotactic factor by inactivation of 
the former (cf. this fact with the statement of Bier and 
Kocha e Silva, 1938). 

4. Effect of heat or cold. The material is thermostable. 
When brought to 100° C. it is found still active. Heating 
it in vacuo at 85° C. for eleven hours has failed to reduce its 
activity. In a similar fashion, when exposed ior several 
days at -20° C. the material retains full potency. 

5. Melting point. In its present stage of purification the 
active material fails to show a sharp melting point. From 
about 200° C. leukotaxine (fraction C-D or E) begins to 
char; and at 300° C. it still has not melted. It is well known 
that a number of proteoljdic compounds behave in similar 
fashion. Greenstein (1937) in his recent studies on peptide 
synthesis described a similar behavior in the case of the 
crystalline bisanhydro-I-cystinyl-l-cystine. 

6. Diffusibilily. The active permeability factor readily 
diffuses through a cellophane membrane upon dialysis of 
the untreated exudate (Menkin, 1936). As pointed out in 
Table I, the supernatant acetone fraction containing the 
active substance may be dialyzed for several hours against 
distilled water. Evaporation of both residual and diffusate 
fractions reveals the presence of the active crystalline 
material. The further purified fractions of leukotaxine, 
which are relatively insoluble in water, are probably more 
or less indiffusible when dialyzed against an aqueous 
medium. 
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in the combined form as sodium bicarbonate, and a determina- 
tion of the amount of carbon dioxide which can be held by 
a sample of blood plasma gives a measure of the alkali present. 
The alkali of plasma is thus usually referred to in terms of its 
“ C0 2 -combining power.” In clinical conditions in which an 
“ acidosis ” is present (e.g., diabetes, starvation, and severe 
nephritis) the production in the body of various acid sub- 
stances results in part of the alkali of the plasma being com- 
bined with these other acid bodies. Less carbon dioxide is 
consequently held in combination by the plasma, and the 
“ C0 2 -combining power ” is therefore reduced. In other 
clinical conditions involving the accumulation of excess 
alkali in the blood (c.g., alkali administration, intestinal 
obstruction, over-breathing) more carbon dioxide is held in 
combination in the plasma than is normally the case. This 
condition is usually known ns one of “ alkalosis.” 

PRINCIPLE 

The carbon dioxide is liberated from its combination with 
alkali in the plasma by the addition of acid and the volume 
of gas evolved is measured in a special apparatus designed 
by Van Slykc. The volumetric method and apparatus 
introduced by Van Slykc and Cullen (1917) is described. This 
has been found more suitable for student use than the mnno- 
mctric apparatus of Van Slykc nnd Neill (1024). The latter 
should be used for work requiring the highest accuracy 
(cf., Peters and Van Slykc, 1932), but the simpler volumetric 
npparntus is adequate for all routine purposes. 


METHOD 

Five ml. of freshly drawn oxnlatcd blood arc centrifuged 
until the supernatant plasma is free of cells. About 2 ml. 
arc transferred to a separatory funnel (about 250 ml.). By 
means of a short rubber tube, the stem of the funnel is con- 
nected to n Ijottlc containing glass bends nnd a little water 
(see Fig. 1). 
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TABLE II 


Correlation between Amino Acid Level in Serum and Excpate and the 
Effect of the Latter on Capillary Permeability 


Doa No 

DcnATio.v 

MATIOM 

Auino Acid Nrruootv 

AcccuciATrON or Tut fan 
Biue in Surv Areas 



Blood Serum 

) Exudate 

Blood Serum' 

' Etudste 

1-04 

days 

1 

mg. (lOOcc. 

5 35 

mg /lOOcc. 
6.4 


+ + 


2 

5.3 

6,5 

Trace 

+ + 


3 

29 

33 

0 

+ 


• 4 

3.75 

4 75 

+ 

+ + + 

Reinjected 1.5 cc. 
turpentine on Otli 
day 






7 

6.05 

8.9 

+ to + + 



8 

5.75 

12.6 


+ + + 


0 

5.75 

10 3 

Paint trace 

+ + + 


10 

6.15 

20 95 

+ 

+ + + + 

1-05 

1 

7.8 

7.6 

Trace 

Trace to + 


2 

6.15 

64 

+ 


Reinjected 1 6 ce. 






turpentine 

6 


6.05 

0 

+ + + + 


8 


G 05 

+ 

+ 4- 


9 


5 35 

+ 

+ 

1-06 

1 

76 

C.l 


+ 


4 

36 

4.05 

Trace 

4- to ++ 


5 

mam 

12 25 

Trace to 4- 

4- 

1-03 

5 

■ 

9.2 

0 

+ 4- 

Average 


d 

8 04 




* Cutaneous areas inoculated with serum mrariably stained only the peripheral portion c! 


From Menkin, J Ex p. Med., 1933, 67, 129. 

protein. According to this author the ability of phagocytic 
cells to remove injurious material is dependent on the 
possession of proteolytic enzymes. 

The end products of proteolytic breakdown in exudates 
have been studied by the writer (1938). The amino apid 
level was determined in samples removed from the inflamed 
pleural cavity of dogs. Parallel determinations were made 
on serum of blood withdrawn from the heart immediately 
following thoracentesis for the exudates. The colorimetric 
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n, 

csS> 


into Uie top of the burette, air has leaked into the apparste 
"and the stop-cocks should be rc-greased in order that the y 
shall be airtight. 

Distilled water (1 ml.) is added to the inlet chamber (x\ 
One ml. of plasma is removed from the separatory fcsseS e=j£ 
is run into the chamber (n) below the surface of the 
water. A drop of caprylic alcohol is 
added as an anti-frothing agent and 
the contents of (b) are allowed to run 
into the burette by carefully opening 
the stop-cock (e) and very gradually ! 

lowering the mercury reservoir from r T 

its previous position at the height of 
(e). A small amount of water should 
be left filling the capillary' at the tf'SIrS 

bottom of (b). Stopcock (e) is now Z-TsT 

turned off, great care being taken f 

that no air "is allowed to pass through \- 

it into the burette. 0*5 mL of krfir 
acid solution (I vol. of cone, aead c '+*issa+ 

diluted to 10 vols. with water) is ^ 
now placed in (b) and is csrc&Tr ( ' 

drawn into the burette in thecal . c . - 

already described, care betn? zzkZ a - ; 

taken to leave a small txrrz* "J \ 

liquid in the capillary at th? b&sjx •* ^ 

of (b) and admitting' no&rt*? hr. "*■' , 

burette. The mercury rs—ttt- v ' 3 

lowered until the sbg~st £ k* 1 * * 

SOmlmarkandthert^y.^ r - 

of the burette and to -£ ^ _ - __ 

vacuum and the ~ — * 0 to 15 

from its cornbrastre r.-rr-* r ~-o:‘ » — ~ vributed in 
acid is seen to h$l <uTr*:r ± » ,cr - s - * " of “ organic 

, t he carbon dirtH- jar rlsadkz. ^sr-- ■ for the most 

ls gently sh&z — r «•**■ contained in the 

carefully rerr.T^^^w gomyelin. There 

apparatus srV-sr r ' - 1,1 the cells as in the 
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monium sulfate and of 5 per cent phosphomolybdic acid to 
precipitate it, and finally its diffusibility through a cello- 
phane membrane, all suggest that the active crystalline sub- 
stance may well be a relatively simple intermediary product 
of protein catabolism. It appears unlikely that it is either a 
proteose, a peptone, or an amino acid. The available data 
are not inconsistent with the fact that this active substance 
can belong to the group of simple polypeptides. In this con- 
nection it is interesting to note that a proteolytic enzyme, 
incubated with an otherwise relatively inactive blood serum, 
favors the formation of products that increase vascular 
permeability (Menkin, 1937, 19386). These findings offer 
an additional support concerning the general nature of the 
permeability factor. 1 

Observations on its incapacity to induce heart block in 
frogs (test of Parnas and Ostern, 1932) indicate that Ieuko- 
taxine probably bears no relation to adenylic compounds 
(Fig. 11, Menkin and Kadish, 1938). Its failure to depress 
blood pressure and its inability to contract the isolated loop 
of guinea pig intestine likewise show that leukotaxine is 
evidently not related to acetylcholine. Further studies are 
being conducted, however, in an attempt to free the active 
crystalline substance completely of all impurities and to 
identify it chemically. 

Duran-Reynais (1929) described a spreading factor present 
in extracts of certain tissues, particularly the testis. This 
agent facilitates the extension of India ink from the site of 
its cutaneous inoculation. He referred the phenomenon to 
an enhancement of tissue permeability by the organ extract 
employed. Recent unpublished observations indicate that 
the crystalline material recovered from exudates (leuko- 
taxine) is probably unrelated to this spreading factor. The 
Duran-Reynais substance is relatively thermolabile and 

* In this connection it is interesting to note that Duthie and Chain (BrU. J. Exp. 
Path , 1919, SO, 417) have recently confirmed m large part the studies of the writer 
on leukotaxine by obtaining a polypeptide from the peptic hydrolysate of blood 
fibrin which produces both increased permeability of blood vessels and leukocytic 
migration. 
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a very small amount of fluid at the bottom of the 50 ml. 
chamber, (f) is now turned round so as to be open to (c) 
and the mercury is allowed to run into the 50 ml. chamber 
and up into the graduated burette tube. The surface of the 
mercury in the reservoir is held level with the surface of the 
mercury in the burette tube, so that the carbon dioxide in 
the burette is now at a pressure equal to that of the atmo- 
sphere. The volume of the gas is read from the burette and 
is corrected to standard pressure and temperature. For this 
calculation the temperature and barometric pressure at the 
time of the experiment are, of course, necessary. 

CALCULATION 

The figure obtained, the ml. of carbon dioxide released 
from 1 ml. of plasma, is reduced by reference to the table to 
the number of ml. of carbon dioxide which would be liberated 
from 100 ml. of plasma at standard temperature and pressure. 
This is the 44 C0 2 -combining power " of the plasma. 

PHOSPHORUS : DISTRIBUTION IN BLOOD 


The phosphorus of the blood is present partly as inorganic 
phosphate and partly in combination with several organic 
substances. It is distributed as follows : 



Whole blood 

Plasma 


mg. P per 100 ml. 

Inorganic phosphate 

. 2 to 3 

2 to 3 

Ester „ 

20 to 80 

1 to 2 

Lipide „ . f . 

. 11 to 14 

7 to 10 

Nucleotide „ 

2 to 3 

__ 

Total ,, . 

35 to 50 

10 to 15 


The inorganic phosphate is about equally distributed in 
cells and plasma. The ester phosphate consists of “ organic 
salts ” of phosphoric acid, which are present, for the most 
part, in the cells. Lipide phosphate is that contained in the 
phospliatides — lecithin, kephalin and sphingomyelin. There 
is about twice ns much lipide phosphate in the cells as in the 
plasma. 
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be due to a local nervous mechanism. He referred the 
mechanism to an axone reflex located in the sensory fibers. 
These results have essentially been confirmed by Bardy 
(1915) and by Brcslaucr (1919). 

Krogh (1920) observed that the application of iodine to 
the frog’s tongue produced a violent contraction of the un- 
derlying muscles. The capillaries of the mucous membrane 
strongly dilated and the dilatation extended for a consider- 
able distance. After the application of cocaine to paralyze 
the sensory nerves and the nerve endings, a drop of iodine 
failed to elicit the usual effect. When iodine was applied to 
the mucous membrane after section and degeneration of the 
lingual nerves, the affected capillaries became partially di- 
lated over a localized area. Krogh (1922) concluded that, 
at least for certain substances, nervous reactions play some 
part in the initial inflammatory symptoms. The nerves 
which are responsible for the reaction arc most likely 
sensory fibers that induce dilatation through local axone 
reflexes. 

Ricker and Regendanz (1921), after studying the local 
action of a number of substances on the pancreas and con- 
junctiva of the rabbit, reject the views of Cohnheim in re- 
gard to the role of the vascular nervous system in inflamma- 
tion. These investigators assume with, however, only meager 
evidence, an intricate arrangement of vasomotor nerves con- 
sisting of constrictor and dilator fibers supplying both ar- 
teries and capillaries. They contend that tissue alterations 
caused by the presence of an irritant arc, in the last analysis, 
due to local circulatory disturbances arising through stimula- 
tion of involved vasomotor nerves. 

More recently the studies of Inutsuka (1928) confirmed 
the earlier observations of Samuel (1890) and the later ones 
of Meltzer and Meltzer (1903) on the effect of sectioning 
the cervical or sympathetic nerves in enhancing exudation. 
This investigator demonstrated that excision of sympathetic 
ganglia induces marked exudation. 

The stimulation of the peripheral ends of sensory nerves 
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METHOD 

Two ml. of freshly drawn oxalated plasma or whole blood 
are diluted with 5 ml. of water and treated with 3 ml. of 
25 per cent, trichloroacetic acid. The mixture is well shaken 
and is filtered after 5 minutes. Analyses for total “ acid- 
soluble ” and inorganic phosphate are carried out on the 
filtrate as below. 

Total “ Acid-soluble ” Phosphate. Five ml. of the tri- 
chloroacetic acid filtrate from plasma (= 1 ml. plasma) or 
0*5 ml. of filtrate from whole blood or cells (=0-1 ml. blood) 
are measured into a 15 ml. volumetric flask of good acid- 
resistant glass, 1*2 ml. of 60 per cent, perchloric acid are 
added and a small piece of porous pot to prevent bumping. 
The contents of the flask are heated carefully with a micro- 
burner (using a very small flame) or on air electric heater. 
(Approximately 0-2 ml. of perchloric acid is lost in the 
heating.) As the contents of the tube become concentrated 
they turn brown and then, as the temperature rises and the 
acid begins to fume, they become colourless, the organic 
matter being completely oxidized in a few minutes. In 
some cases, where the amount of organic material is large 
and the oxidation slow, it may be necessary to add a drop 
of nitric acid or of 30 per cent, hydrogen peroxide ; in this 
case it will be necessary to continue the heating for 3 or 4 
minutes after the mixture has become colourless, in order to 
drive oiT the excess of these reagents. The cooled contents 
arc diluted with about 10 ml. of water. One ml. of 5 per cent, 
molybdate and 0-5 ml. of reducing agent are added to the 
test. At the same time two standards are prepared from 
5 ml. and 10 ml. of the standard solution (0*01 mg. P 
per ml.), 1 ml. of perchloric acid, 1 ml. of molybdate and 
0-5 ml. of reducing agent. Test and standards are diluted 
to tlvc mark, mixed, and the test read after 10 minutes against 
the appropriate standard, using a red or orange light filter 
(e.g., Ilford spectrum red or orange). 
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A method for the isolation and purification of this per- 
meability factor, named leukotaxine, has been described. 
In its essential features, this consists of treating the exudate 
with pyridine or dioxane, followed by acetone. After separa- 
tion of the protein fractions further purification can be ob- 
tained by prolonged extraction with butyl alcohol or by 
subjecting the acetone or butyl supernatant fractions to low 
temperature ( —20° C.). The latter favors spontaneous sepa- 
ration of the active principle. Further impurities of a resin- 
ous nature can often be eliminated by various procedures 
(see Table I). The purified material seems to be a crystal- 
line doubly refractive nitrogenous substance. 

The factor is evidently not a protein, yet it contains 
amino and carboxyl groups. It gives a positive test for the 
presence of an indole nucleus in its structure (Adamkiewicz 
test). The active material in exudates is dialyzable; and it 
is precipitated by concentrated ammonium sulfate. The 
present evidence suggests that it is an intermediary break- 
down product of protein metabolism, possibly belonging to 
the group of relatively simple polypeptides. 

The active factor manifests no property in common with 
histamine or presumably with the hypothetical H substance 
assumed to be closely related to histamine. Observations 
do not substantiate Lewis’ hypothesis of histamine or of its 
closely related H substance as the primary cause of increased 
capillary permeability in inflammation. 

The relationship of local axone reflexes to increased capil- 
lary pressure, thereby favoring filtration into injured tissue, 
is pointed out. 
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is heated in a hot water bath until it is boiling. It is then 
cooled, made to volume with alcohol-ether and is thoroughly 
shaken. The mixture is filtered, and 10 ml. of filtrate are 
carefully evaporated to dryness (in two 5 ml. portions to 
minimize the chance of loss through frothing) in a 15 ml. 
flask. The phosphate is estimated by digestion with 
perchloric acid, as in the method for total acid-soluble 
phosphate. 

Total Phosphate in Blood. The whole of the phosphate 
“Sf-the blood can be determined by the colorimetric method 
after destruction of th'c organic matter (proteins, fats, etc.) 
by boiling perchloric acid. For this purpose 0 ■ 1 ml. of blood, 
accurately measured, is digested and the determination 
carried out as in the total acid -soluble phosphate method. 

SOLUTIONS 

Trichloroacetic Acid Solution, — Twenty-five g. of best grade 
trichloroacetic acid are dissolved in water and made to 
100 ml. 

Ammonium Molybdate Solution . — Five g. ammonium molyb- 
date dissolved in water and made to 100 ml. 

Reducing Agent. 0-2 per cent. 1 : 2 : 4-aminonaphthol- 
sulphonic acid in 12 per cent-, sodium meta-bisulphite and 
2 • 4 per cent, sodium sulphite (w/v). 

The reducing agent may be prepared fresh for use from a tablet containing 
the correct amounts of l : 2 : -l-ammonaphtholsulphonic acid, 6odium sulphite 
and sodium mcta-bisulphite. A tablet is ground with 10 ml. of water, and 
the filtered solution Is ready for use. (Obtainable from Messrs. Gallenkamp.) 

Stock Standard Phosphate . — \ stock solution is made by 
dissolving 2-104 g. of pure potassium (lihydrogen phosphate 
(KHjP 0 4 ) in 500 ml. in water. This solution contains 
1 *0 mg. P per ml. 

The Standard Solution is made by diluting 5 ml. of the 
stock solution to 500 ml. with water. This solution contains 
0-01 mg. P per ml. Both solutions should be kept saturated 
with chloroform to prevent any bacterial growth, which might 
otherwise cause a loss of inorganic phosphate. 
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chemotactic influence. He found that glycine and leucine 
were definitely chemotactic whereas tyrosine and trimethyl- 
amine failed to attract leukocytes. Wolf studied the phe- 
nomenon of chcmotaxis in vitro (1921). She found that the 
calcium ion was the only inorganic ion which per se was 
positively chemotactic. She reported that, to a certain ex- 
tent, all amino acids and amines arc likewise positively 
chemotactic. 

Grand and Chambers (1937) recently reported that me- 
chanically injured tissues liberate thcrmolabile substances 
which arc positively chemotactic for polymorphonuclear 
leukocytes. McCutchcon and Dixon studied chemotropism 
of polymorphonuclear leukocytes in vitro. Their results led 
them to conclude that the chemotactic response is one of 
direction only. The rate of motion depends on other factors 
such ns osmotic pressure of the medium, temperature, or the 
internal condition of the cell (193C). These workers found 
that whereas polymorphonuclear leukocytes were strongly 
attracted by staphylococci or tubercle bacilli, lymphocytes 
failed to exhibit any chemotropism (1935). Very careful 
observations on the emigration of leukocytes in the living 
animal (amphibian larvae and rabbits) were recorded by 
Clark and his collaborators (1920, 193G). In general these 
investigators noted that the emigration of leukocytes com- 
mences on the average about two and a half hours after the 
injection of the irritant (croton oil). The majority of the 
cells were polymorphonuclear leukocytes. Relatively fewer 
monocytes or lymphocytes migrated through the endothelial 
wall. Furthermore, the period of emigration lasted only 
several hours. After a while the endothelial wall seemed to 
undergo a reversal in consistency which prevented further 
migration. Strong chemotactic response by polymorphonu- 
clear leukocytes was not necessarily accompanied by active 
phagocytosis on the part of these cells. 

The mechanism of the migration of leukocytes to an area 
of injury has not yet been satisfactorily explained. Nord- 
mann and Rather (1930) believe that the phenomenon is 
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phoric acid (such as phenyl phosphate) — under standard 
conditions. The amount of phosphate or phenol so liberated 
may be taken as the measure of the amount of enzyme present. 
The phenol is more easily determined than the phosphate, 
and three times as much phenol (by wt.) as phosphorus is set 
free. The hydrolysis is carried out at the optimum pH of 
10 for IS minutes. The results thus obtained agree very 
closely with those of the method of King and Armstrong 
(1934) of which this is a modification,* and with the method 
of Jenner and Kay (1932). The results are expressed in 
arbitrary “ units ” of phosphatase activity. 

The “ unit ” of phosphatase is defined as the amount of 
the enzyme which will set free 1 mg. of phenol in the given 
time tinder the conditions of the test ; and hence “ units ” 
per 100 ml. — mg. of phenol set free from the phenyl phos- 
phate under the standard conditions. 

METHOD 

Test. In a conical centrifuge tube are placed 2 ml. of 
buffer and 2 ml. of substrate. The tube is allowed to remain 
in a water-bath at 37° C. for 3 minutes. Without removal of 
the tube from the bath, exactly 0*2 ml. of plasma (which 
must be cell-free) is added and mixed. The stoppered tube 
is allowed to remain in the bath exactly 15 minutes. At 
the end of this time 1 -8 ml. of dilute Folin-Ciocalteau phenol 
reagent arc added and the mixture centrifuged or filtered. 

Control. In another tube are placed 2 ml. of buffer and 
2 ml. of substrate. 1-8 ml. of dilute phenol reagent are 
added, followed by 0*2 ml. of plasma and the mixture centri- 
fuged or filtered. 

Four ml. of filtrate from the test and control solutions are 
pipetted into test-tubes. One ml. of 25 per cent, sodium 
carbonate is added and the tubes replaced in the water-bath 
for 5 minutes to bring up the colour. 

Comparison. The solutions are compared in the colori- 
meter with a stftndtvrd mt\dc up at the same time by taking 
4 ml. of stnndard-phenol-solution-and-rcagcnt and 1 ml. of 
25 per cent, sodium carbonate. The test solution is placed 

• The Ihxlumkv unit h ntmut one thinl the King-Amutronp unit. 
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migration^ Thr ““ faib to *"<»><* leukocytic 
migration They, therefore, concluded that the release of 

explanation' ol” f i" Urcd «— **» not provide a co^ p!ete 
explanation of the process of inflammation. Moon 11935) 
essentially confirmed these observations. 
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Leukotaxine is concerned not merely with an alteration in 
e permeability of small vessels but also with the mechanism 
of leukocytic migration (Menkin, 1937a, 1938c). The intro- 
duction into the skin of rabbits of this active material in- 
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Substrate. — m/ 100 disodium phenyl phosphate. 2 18 g. 
dissolved in 1 litre in water. The solution should be brought 
quickly to the boil to destroy any organisms, cooled im- 
mediately and preserved with a little chloroform. 

Phenol Reagent of Folin and Ciocalteau. — See p. 64 ; also 
Peters and Van Slyke’s “ Quantitative Clinical Chemistry,” 
vol. ii, p. 655, and Beaumont and Dodd’s “ Recent Advances 
in Medicine,” 8th ed. f p. 403. This reagent is diluted 1 in 3. 

Twenty-five per cent. Sodium Carbonate (w/v). — Twenty -five 
g. of anhydrous sodium carbonate are dissolved in warm water 
and made to 100 ml. This solution is preserved in a warm 
place, otherwise the sodium carbonate tends to crystallize 
out. 

Slock Standard Phenol (100 mg. per 100 ml.) —One g. pure 
crystalline phenol is dissolved in, and made to 1 litre with 
0 1 n-HCI. 

Standard-Phenol-and-Reagent (1 mg. phenol per 100 ml.). — 
Five ml. of the stock standard phenol (100 mg. per 100 ml.) are 
accurately measured into a 500 ml. volumetric flask, 100 ml. 
of dilute (1 : 3) Folin-Ciocalteau reagent are added and water 
to the mark. This solution will keep at least six months, 
if preserved in the ice-chest. 

ACID PHOSPHATASE 

The prostate contains a very active phosphatase which, 
unlike the phosphatase of bone, intestine, kidney, etc., has 
its pH optimum at an acid reaction. To distinguish it from 
the better known “ alkaline phosphatase,” this enzyme is 
called “ acid phosphatase.” There is very little present 
normally in the blood, but in prostatic conditions, particularly 
in carcinoma of the prostate with secondaries in the bone, 
very large amounts may appear in the blood. These are 
derived in part from the prostate and in part from the 
secondary growths in the bone. There are normally 1-3 
arbitrary acid phosphatase units in 100 ml. of serum or 
plasma. In cases of carcinoma of the prostate with second- 
aries, values much greater than this and up to 30 units and 
more have been observed (cf., Gutman and Gutman, 1938). 
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inary enhanced capillary permeability. Strong irritants, 
such as aleuronat or turpentine, although producing a 
prompt increase in the permeability of capillaries, fail to 
induce a rapid chcmotactic effect (Fig. 14). 

Furthermore, Icuhotaxinc is per sc chcmotactic as indi- 
cated by in vitro tests (Menkin, 193S a). This is exemplified 
by the following techniques: (a) Utilizing the method of 



Fio. 15. The chcmotactic effect of leukotaxinc (fraction A, Tabic I, Chap- 
ter IV’) studied in ft tro. Supravitally stained polymorphonuclear leukocytes 
obtained from an caudate were placed on a slide containing a particle of 
taxine Note the cellular aggregation and clustering around the material. 
This drawing was made about three hours after the onset of the experiment. 

Massart and Bordet (1891), the substance either in saline or 
in distilled water was introduced into glass capillary tubes. 
Each of the latter was then scaled at one end and introduced 
during ether anesthesia, into the peritoneal cavity of a rabbit. 
This animal had, several hours earlier, been intrnpcritoneally 
injected with o mixture of aleuronat and starch. After a 
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elevated. It may be preferable in these instances to use a 
somewhat longer incubation period, e.g., 3 hours. If this is 
done the mg. phenol liberated arc of course divided by 3 to 
reduce the figure to -1 hour. 

SOLUTIONS 

See alkaline phosphatase for all solutions except the 
buffer. Citric acid-sodium citrate buffer jpH 4 • 95 is prepared 
as follows : . 

Dissolve 21-0 g. of crystalline citric acid in water, add 
188 ml. of N-NaOH, and make to 500 ml. The pH should be 
checked and adjusted to pH 4-9 if necessary, by dropwise 
addition of N-NaOH or n-HCI. This solution should be pre- 
served with a few drops of chloroform and kept in the ice- 
chest. 

N.B . — Acetate buffer may be used, but citrate is here 
adopted to make the method conform to Gutmans’ 1940 
procedure. 

PLASMA AMYLASE 

The determination of plasma amylase is of importance in 
the diagnosis of acute pancreatitis in which high values may 
be obtained. It has the advantage over the estimation of 
Urinary diastase in that it is unnecessary to wait for the 
collection of a 24-hour specimen of urine. Normal values 
are given by Somogyi (1941) as 70-150 units per 100 ml. 

PRINCIPLE 

0-5 ml. of plasma is incubated at 37° with 1*5 mg. of 
starch and the time noted when the mixture no longer gives 
a blue colour with iodine solution. 

The amylase activity is expressed in terms of “ units ” 
of amylase per 100 ml. The “ unit ” is defined as the amount 
of amylase which will destroy 1 *5 mg. of starch in 8 minutes.* 

* The unit is defined In this way so that the results become almost Identical 
with those of Somoftyi (10 It) whose unit is defined in terms of the amount 
of rrdurinf* sugar liliemtcd from starch by plisma under precisely stated 
eoivdtthms. 
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(b) Another type of evidence supporting the view that 
the substance in question is per sc positively chcmotactic 
for leukocytes was obtained by observing on a slide, within a 
relatively short time, the collection and clustering around 
particles of the active material of supravitally stained poly- 
morphonuclear leukocytes obtained from an exudate (Fig. 
15). Particles of carbon or reduced iron powder fail to induce 
any clustering of cells (Fig. 1G). These observations indicate 
that the substance per sc is positively chcmotactic. 

The available evidence supports the view that the per- 
meability factor and the chcmotactic factor arc referable to 
one and the same crystalline substnncc. Two main con- 
siderations seem to support such a view. 

1. The untreated inflammatory exudate contains both 
factors. Ultimate fractionation yields a relatively homo- 
geneous crystalline end-product which still manifests both 
of the properties possessed by the original exudate. The 
analytical procedure has thus failed to dissociate the two 
factors. Although this type of evidence is strongly suggestive 
of a single substance, it is, however, to be borne in mind 
that only the certitude of complete chemical purity of the 
material can establish this as a definite fact. 

2. Is leukocytic migration referable to the initial increased 
capillary permeability or do the evidences on hand point to 
a direct effect by the active crystalline substance? The latter 
interpretation seems to be favored in view of the observations 
cited above with the use of strong inflammatory irritants, 
such as turpentine or aleuronat. These substances are ca- 
pable of inducing prompt filtration through the endothelial 
wall without at the same time inducing as rapid leukocytic 
migration as is obtained with the active material recovered 
from exudates. The chcmotactic property of the active 
crystalline substance is also in accord with the view of a 
direct effect favoring the outward migration of polymorpho- 
nuclear cells. 

In brief, the same two factors possessed by the untreated 
exudates have likewise been recovered in a crystalline sub- 
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healthy mid showed no clinical signs of scurvy, hod values 
ranging from 0-3 to 1 mg, with an average of 0-65. Only 
‘2 per cent, of the cases were below 0-4 mg. (Young, Wood 
and King, 1043). Frunty and Vass (1943) considered the 
plasma ascorbic acid a reliable and satisfactory index of the 
nutritional state with respect to Vitamin C. The determina- 
tion is more easily carried out than a saturation test (cf., 
urine ascorbic acid). A “ state of saturation ” is usually 
attained when the plasma ascorbic acid is 0-8 mg. per 100 ml. 
or greater. 

PRINCIPLE 

The oxidation- reduction dye dichlorophcnol-indophcnol is 
used to titrate a standard solution of pure ascorbic acid, 
which is prepared so as to be of about the same concentration 
as that of a deproteinized filtrate of blood plasma. The 
volumes of standard solution and of plasma filtrate used to 
decolorize a standard amount of the dye arc then used to 
calculate the ascorbic acid concentration of the plasma. 

METHOD 

At least 5 ml. of oxalated blood are required. The plasma 
should not be separated until just before the preparation of 
the protein-free filtrate. Two ml. of plasma arc diluted with 
4 ml. of water and 4 ml. of 5 per cent, mctaphosphoric acid, 
mixed and centrifuged. The clear supernatant fluid is then 
run (from a 5 ml. burette) into 0>05 ml. of dye until all trace 
of pink colour disappears. The titration should be made 
quickly so ns to minimize the small nmount of reduction of 
the dichlorophcnol-indophcnol which may take place due to 
tmccs of non-nscorbic acid reducing substances in the plasma 
filtrate. Any froth which might make the titration difficult 
can be chared by touching with fine wire which has been 
dipped in enpryhe alcohol. 

To U ml. of the dilute standard solution arc added 4 nil. of 
water and I ml. of 5 per cent, mctaphosphoric acid. This is 
titrated against 0'05 ml. of the dvc solution, conveniently 
contained in a conical centrifuge tube. The ascorbic acid 
solution is run into the dye from a 5 ml. burette until all trnec 
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There is, however, some evidence that leukotaxine definitely 
affects normal cell division. Recent studies by the writer on 
the ova of sea urchins (Arbacia punctulata) indicate that 
this substance not only increases markedly the permeability 
of the cell to water but also influences its subsequent develop- 
ment. Fertilization of such lcukotaxine-trcatcd ova is fol- 
lowed by a retardation in the rate of cell division and by the 
appearance of atypical cleavage (Fig. 17). The sperm of sea 



Fio 17. (Left) Normal cleavage of n fertilized 
ovum of Arbacia punctuhta (liiglit) Note the 
unequal cleavage and the retarded development of a 
fertilized ovum of Arbacia punctulata u Inch had been 
previously immersed m n medium containing leuko- 
taxine. The interval after fertilization is the same 
in both ova 

urchins exposed to leukotaxine are likewise inactivated (Biol. 
Bull., 1939, 77, 335). These facts, coupled with the effect on 
the permeability of the endothelial wall, therefore strongly 
suggest that leukotaxine induces some degree of cellular injury. 

Furthermore, studies to be discussed in a subsequent sec- 
tion indicate that the leukocytosis which frequently accom- 
panies severe inflammatory conditions is apparently not 
referable to the liberation of leukotaxine. This substance 
seems to be concerned with the mechanism of migration 
without directly affecting the number of leukocytes in the 
circulating blood. By such studies the writer has succeeded 
in dissociating the factors concerned with the mechanism 
of diapedesis from that which regulates the hematogenous 
picture of infectious processes (Menkin, 1938c, 1939c). 



Chapter IV 

PROCEDURES FOR SERUM 

TAKING OF BLOOD FOR SERUM 

About 10 ml. of blood are drawn (as for plasma) and allowed 
to flow gently into a clean dry vessel. This is then kept at 
room temperature, or in water at about 37° C., until the 
serum has separated. The blood must not be chilled, as this 
causes haemolysis as well as abnormal plasma/cell distribution 
of certain ions. The serum is poured from the clot into a 
centrifuge tube and is finally centrifuged. 


SERUM CALCIUM 

There are normally present about 10 mg. of calcium in 
100 ml. of serum from freshly clotted blood. In hyper- 
parathyroidism and conditions of generalized bone disease 
this amount may be raised by 2 or 3 mg. and occasionally 
in severe cases by 5 mg. or even more. In infantile tetany, 
or in tetany resulting from removal of part or all of the 
parathyroid glands, the scrum calcium is lowered to 7 or 
8 mg., and values as low as G mg. are sometimes encountered. 
Those cases of nephritis where an acidosis with raised blood 
phosphate is present, may also show a lowered serum calcium. 


PRINCIPLE 

The calcium is precipitnted from diluted serum by oxalate, 
and the washed precipitate of calcium oxalate is titrated 
in acid solution with standard potassium permanganate. 
From the equation (sec standard solutions) it can be calculated 
that 1 ml. of 0*01 x-permanganate is equivalent to 0*2 mg. 
of calcium. 
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rapid but it also does not seem to be primarily referable to 
the initial increase in vascular permeation. Furthermore 
leukotaxine is per se definitely chemotactic. Its role in ex- 
plaining cellular migration at the site of inflammation is 
obviously of great significance. It is hoped that this sub- 
stance may serve as an effective tool in yielding further in- 
formation concerning the precise mechanism of diapedesis. 
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cells through the capillary wall is, in his experience, infre- 
quently seen. The recent work of Thomas (1938) indicates 
that several macrophages can readily originate in situ by 
budding from a single fibrocyte, this process being termed 
meroamitosis. Clark and his collaborators (1936) recently 
called attention to the possibility of artefacts. Injured or 
degenerating polymorphonuclear cells often round up and 
may present the appearance of mononuclear cells, round 
cells, or lymphocytes. This error can be readily avoided by 
utilizing the supravital technique on living cells as an addi- 
tional check to the fixed preparations. 

The orderly cytological sequence in the development of an 
inflammatory reaction was first pointed out by Borrel (1S93) 
and then by Durham (1897) about forty years ago. The sub- 
sequent studies of Beattie (1903) extended considerably the 
original observations of Durham. This sequence is true of the 
majority of inflammatory reactions caused either by bac- 
teria or by chemical irritants. The process has no direct ref- 
erence to the actual migration of polymorphonuclear leuko- 
cytes into an area of injury. This phenomenon has already 
been dealt with in detail in the preceding chapter. It is 
noteworthy that during the first twenty-four hours after 
their inoculation into normal tissues both tubercle and ty- 
phoid bacilli produce the same type of cellular changes as do 
various forms of pyogenic bacteria such as Staphylococcus 
aureus (Borrel, 1893; Opie, 1910; Vorwald, 1932). The dif- 
ference in the leukocytic response found with various types 
of inflammatory irritants seems therefore to be one of degree 
rather than of kind. 

No adequate explanation has been offered for this funda- 
mental process. A number of years ago various investigators, 
particularly Opie, studied the action of intracellular proteoly- 
tic enzymes from leukocytes of an inflammatory exudate 
(1905, 1906). Muller, and subsequently Opie, showed that 
polymorphonu clear leukocytes contain an intracellular en- 
zyme that acts in a slightly alkaline or neutral medium, u 
is almost wholly inactive in an acid reaction (0.2 per cen 



Chapter V 

PROCEDURES FOR CEREBR O-SPIN AL FLUID 

The chemical determinations most frequently of value in 
the examination of eerebro-spinal fluid are those of protein, 
chlorides, sugar, calcium and urea. Lange’s colloidal gold 
reaction is also of importance. 

Globulin tests in normal fluid ore negative. Total protein 
may be increased in many pathological conditions. Chlorides 
arc lowered characteristically in meningitis, especially tuber- 
cular meningitis. Sugar is also lowered in meningitis. 
Calcium may be lowered in tetany, while the urea value 
closely parallels the level of blood urea. 


Table 6 . — Composition of C. 8.F. 


CojjiUtUPnt 

formal rung* 

(per 100 ml 1 

Clinical condition* la which high value# 
Iwalwa otherwise stated) are found 

Urea . 

15-30 ing. 

Increased in nitrogen retention. 

Creatinine 

0 7-1 -5 mg. 

„ „ „ „ 

Sugar . 

CO-100 mg. 

Diabetes. Reduced ui acute sup- 
purative meningitis. 

Chlorides (us NnCl) 

700-740 mg. 

Nephritis. Decreased m meningitis, 
particularly tuberculous meningitis. 

Protein* (total) 

20-40 mg. 

Meningitis, Syphilitic conditions. 
Flora's Syndrome. 


reactions 


\ Apelt 

negative. 


CO, -combining poire 

55-05 m). 



PRINCIPLES OF METHODS 

Total protein is determined by the sulphosalicylic acid 
method, with the use of permanent standards. The reactions 
of Normc-Apelt and Pandy are used to test for globulin. 
Nonne-Apclt’s test depends on the precipitation of globulin by 




TAB LB IV 

Tub Hydrogen Ion Concentration and tub Cytoixigical Pictuiih in Acotm iNriiAMMATiON 
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CALCULATION 


1 ml. of silver nitrate = 1 mg. of sodium chloride. 


Hence, 

C.S.F. chloride * = ml. of silver nitrate used X 100. 
* mg. NaCI per 100 ml. 


The adsorption indicator method (p. 46) may also be used 
for C.S.F. chloride. 


LANGE’S COLLOIDAL GOLD REACTION 
PRINCIPLE 

This reaction depends on the fact that although normal 
cerebro-spinal fluid has no action on a particular colloidal 
gold solution, fluid from cases of syphilis, disseminated 
sclerosis, or meningitis may cause various degrees of pre- 
cipitation of the gold at different dilutions of the C.S.F., 
which are fairly characteristic for each disease. 

Typical responses are : — 

Luetic . . . 0134321000 

Paretic . . .5554321000 

Meningitic . . .0011232210 

These figures serve to indicate the degrees of precipitation 

in tubes 1-10 in that order (see below). 

A meningitic type of curve is found in all forms of coccal 
meningitis and tuberculous meningitis. A paretic type of 
curve is found in G.P.I . ,_in tabe s, in disseminated sclerosis 
and rarely in encephalitis lethargica. When a paretic curve 
occurs in association with a positive W.R. and is unaffected 
by antispecific treatment it is symptomatic of G.P.I. rather 
than tabes : when it occurs with a negative W.R. it is strongly 
suggestive of disseminated sclerosis. A luetic type of curve 
occurs in all forms of cerebral syphilis. It may also be found 
in disseminated sclerosis and is more common in encephalitis 
lethargica than the paretic type. 
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immediately or at least very soon followed by a fall in the 
percentage of polymorphonuclear leukocytes. By studying 
the hydrogen ion concentration one can fairly well predict 
the cytological picture in the exudate, and vice versa. The 
correlation is evidently very close. In Dogs 7, 2, and to 
some extent in Dog 10 the pH failed to become acid concomi- 



Time: Days after Injection of Irritant 
Fiq. 19. The hydrogen ion concentration in relation to the percentage of 
polymorphonuclear leukocytes in pleural exudation from Dog 7. Note that 
the pH remains alkaline and that the percentage of polymorphonuclears 
maintains a high level throughout the duration of the experiment. (From 
Menkin, Am. J. Path , 1934, 10 , 193 ) 

tantly with the progress of the inflammatory reaction. The 
counts correspondingly reveal a predominance in the per- 
centage of polymorphonuclear cells throughout the period of 
the experiments (Fig. 19, Dog 7). In Dog 11 the per cent of 
polymorphonuclears appears surprisingly low for an inflam- 
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This preparation requires considerable practice. It is 
essential that all glassware used be perfectly clean, and that 
for all solutions, water twice distilled from glass should be 
used. A chromic acid mixture (20 g. of potassium di- 
chromate dissolved in a minimum amount of water and the 
volume made to 1 litre with concentrated sulphuric acid) 
may be used for cleaning glass apparatus, which should be 
stored in the mixture when not in use. 

The solutions required are potassium oxalate (1 g. 
per 100 ml.) and gold sodium chloride (1 g. of the salt 
Na A uC 1 4 . 3HjO per 100 ml. of water). 

(b) Citrate Method . — In a litre flask are placed G75 ml. 
water twice distilled from glass. The flask is closed with a 
ground-in reflux condenser and brought to the boil. Seven 
ml. of 1 per cent, gold chloride solution are added, followed 
by 17*5 ml. of 1 per cent, trisodium citrate solution. The 
boiling is continued for 15 min. The flame is removed and 
the mixture allowed to cool. The resulting solution is a clear 
sparkling red colour. 

To standardize this solution, four 50 ml. samples are taken 
and 0*15 ml. of n/ 10 hydrochloric acid, 0-175 ml., 0-2 ml., 
and 0-225 ml. are added. These are put up against a known 
paretic C.S.F. The mixture is selected which gives the 
strongest reaction with a paretic fluid, yet does not give a 
reaction greater than 0110000000 with a normal fluid. The 
corresponding quantity of acid is added to the main bulk of 
solution, thoroughly agitating the mixture during the 
addition. 

If a paretic C.S.F. is not available, a solution of 0-8 per 
cent, washed haemolyzed sheep cells, used in the test like a 
C.S.F., will give a paretic curve. 
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suggestive in answering this question. An examination of 
the results obtained in the case of some individual experi- 
ments points out that the increase in the hydrogen ion con- 
centration evidently precedes the fall in the percentage of 
polymorphonuclear leukocytes. The point is exemplified in 
the case of Dog 13, Figure 20. For the first 2 days the pH was 
alkaline, 7.4 and 7.5 respectively'. The percentage of poly - 
morphonuclears was high, 87.5 and 77.5. On the 3rd day 
there was an abrupt fall in pH to 6.98. The percentage of 
polymorphonuclears, however, was still high, namely 74. 
On the 4th day the pH was lower than on the preceding day, 
namely 6.8. The exudate contained only 10 per cent of 
polymorphonuclears. Hence in this experiment the sharp 
rise in hydrogen ion concentration definitely preceded the 
fall in the percentage of polymorphonuclear leukocytes. 
The latter followed the decrease in alkalinity only after the 
lapse of a definite period. This is evidence that the fall 
in pH precedes the changes in the cytological picture. The 
hydrogen ion concentration may thus possibly be the regu- 
lating factor in determining the differential leukocyte formula 
of an exudate. In view of what is known of the mechanism 
of intracellular enzynne action in leukocytes, a physico- 
chemical regulatory mechanism of this type would not be 
wholly unexpected. That the fall in pH seems to precede 
the drop in the percentage of polymorphonuclear leukocytes 
is quite evident from the above analysis. At the same time 
it is obvious on examining the data that this relation is not 
always evident. This seems to depend on the rapidity of the 
change in reaction. If the rise in hydrogen ion concentration 
is rapid and sharp the corresponding fall in the percentage 
of polymorphonuclears may occur so rapidly as to appear to 
be a parallel phenomenon (see Dog 15, Table IV). When the 
change in reaction proceeds very rapidly the exudate smears 
invariably’ reveal numerous degenerated, swollen, and vacu- 
olated polymorphonuclear leukocytes containing character- 
istically fragmented and intensely stained nuclei. Such let a 
effects accompanying an abrupt change in the reaction wit 



OCCULT BLOOD 
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Benzidine Reaction 

(а) A thin faecal suspension is made by shaking a small 
amount of faeces (about as big as a pea) with 5 ml. of water 
in a test-tube. The mixture is boiled to inactivate enzymes. 
(These, as well as blood, may give positive results, but unlike 
the active grouping of haemoglobin, they are destroyed by 
heat.) The extract is cooled ; about 1 ml. of it, in another 
test-tube, is treated with 2 ml. of benzidine solution and 1 ml. 
of hydrogen peroxide solution. If the test is positive a blue 
colour develops at once. 

(б) A little faeces is smeared on a glass slide, which is then 
placed on a boiling water-bath for 5 minutes. A mixture of 
benzidine and hydrogen peroxide solution (2:1) is dropped 
on the smear. A blue colour is indicative of a positive test. 

Gum Guaiacum Reaction 

One ml. of a boiled and cooled suspension of faeces, made 
as above, is mixed in a test-tube with 1 ml. of an alcoholic 
solution of guaiacum resin. 1 ml. of hydrogen peroxide is 
then added and the tube is well shaken, with further additions 
of alcohol to dissolve the precipitated resin. A blue colour 
indicates a positive test. This test may be modified, as 
above, for use with slides : in this case a clear mixture 
(approximately 2 : 1) of alcoholic resin and hydrogen peroxide 
is dropped on the dried faecal smear. 


SOLUTIONS 

Benzidine Solution. — Approximately 3 g. per 100 ml. made 
by shaking 3 g. of benzidine in cold glacial acetic acid (100 ml.) 
until solution is complete. 

Hydrogen Peroxide Solution. — 10 vols. (3 per cent.). 

Gum Guaiacum in Alcohol (“ Tincture of Guaiac ”). — 
Approximately 1 g. of resin is dissolved in 100 ml. of industrial 
spirit. The solution must be freshly prepared ; it will keep 
for about a month. 
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ess. It becomes somewhat difficult to consider this state of 
affairs as mere coincidence. Secondly, the fact that by de- 
termining the pH of the exudate the character of the cyto- 
logical picture could be fairly well predicted and vice versa 
seems to be definite evidence of some correlation between 
the pH and the cell count. In the third place, the fact that in 
a few instances when the shift from alkaline to acid took 
place rapidly the cell change, although delayed, nevertheless 
invariably followed appears to warrant the inference that if 
there is an interdependence it is the pH that conditions the 
cytological picture and not the reverse order of sequence. 
The observations seem therefore to support the conclusion 
that the differential leukocyte picture at a given time in the 
development of an inflammatory reaction is a function of the 
pH of the exudate. 

The implications of this concept are obvious. It is possible 
that an understanding of the histological differences of vari- 
ous inflammatory lesions may be facilitated through a study 
of their respective hydrogen ion concentrations. 

Opie (1910) pointed out that the studies on intracellular 
enzymes of leukocytes have served to explain many of the 
phenomena of resolution. Some of his earlier conclusions 
(1900a) on the solution of tissue with abscess deserve per- 
haps revision, in view of the writer’s observations. Briefly 
stated, Opie’s original experiments on abscess formation 
consisted in inducing a purulent exudation by the subcutane- 
ous injection of turpentine. Four or 5 days later a large cav- 
ity distended with fairly thick purulent fluid was formed. 
The cells of this pus were separated from the serum by cen- 
trifugalization. To the cell-free pus serum, leucoprotcase was 
added. This combination freely digested coagulated serum. 
On the other hand, the same polymorphonuclear enzyme in 
the presence of blood serum failed to digest materially t e 
coagulated serum. From these facts Opie concluded that t e 
anti-enzymatic action of a limited quantity of exuded serum 
is overcome by an increasing quantity of proteolytic enzyme 
set free by disintegration of polymorphonuclear leukocy es, 


FAT IN FAECES 
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ferred to a 100 ml. glass stoppered cylinder. 10 ml. of water 
and 3 ml. cone, hydrochloric acid are added. The cylinder 
is placed in a hot water bath for 10 minutes.* After cooling 
to room temperature 50 ml. of ether are added and the con- 
tents thoroughly mixed by inverting the tube 60-80 times. 
By this means all the fat of the faeces should pass into the 
ether. The cylinder is left stoppered in a vertical position 
until the ether layer is completely separated. Twenty-five ml. 
of the ether extract are now removed and are placed in a 
weighed evaporating basin. The ether is removed by 
warming the dish on a water-bath or a hot plate and then 
placing in a vacuum desiccator containing a few lumps of 
paraffin wax in a beaker. The increase in weight in the dish 
represents the fat content of half the total ether extract and 
hence of 0*25 g. of dried faeces. The result is expressed as 
g. total fat per 100 g. dried faeces. 

B. Neutral Fat plus Free Fatty Acids {unsoaped fat). An 
ether extraction of the faeces which have not been treated 
with hydrochloric acid will dissolve out the neutral fat and 
the free fatty acid without removing any of the fat present 
as soap. 0*5 g. of dried faeces is transferred to another 
100 ml. glass-stoppered cylinder and 10 ml. of water are 
added without the hydrochloric acid used in the case of total 
fat. After warming for 10 minutes as in “ A ” the cylinder 
is cooled and 50 ml. of ether added. The ether soluble fat 
is extracted as before by thorough mixing of the contents 
of the tube. Twenty-five ml. of the extract are removed 
to a weighed dish and from the weight of the residue the g. 
of neutral fnt plus free fatty acid in 0-25 g. of dried faeces is 
obtained. 

C. Free Fatty Acid. The free fatty acids in the residue 
from (B) arc determined by titration with n/ 10 sodium 
hydroxide in alcohol. The residue is dissolved in 10-20 ml. 
of absolute alcohol and a few drops of phcnolphthalein added. 
The alcoholic sodium hydroxide is run in from a burette until 
the production of the first permanent pink colour. The 

• Carr mint l>e taken to wnrra the cylinder jrnwlually, otherwise it will 
track. 
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acter of lymphoproteasc and resembling the autolytic en- 
zymes of tissues. In an endeavor to throw further light on 
this question the writer injected subcutaneously 1.5 cc. of 
turpentine into the right flank of a few dogs. Four days 
later a large subcutaneous abscess containing thick viscous 
pus resulted. The pH of this exudative material was defi- 
nitely acid in reaction, approximately C.C. This would sup- 
port the contention that an excess of leucoprotcase could 
not possibly be the important factor in the solution of tissues 
in such abscesses since this enzyme is active only in an alka- 
line or neutral medium. 

Bayliss (1924), as a result of his studies on emulsin, ex- 
pressed considerable doubt ns to the actual existence of true 
anti-enzymes ns follows: “Some of the effects described as 
being due to them arc to be accounted for by changes of hy- 
drogen ion concentration, others to adsorption of the enzyme 
by a colloid.” Bayliss pointed out that in his emulsin ex- 
periments the effect was found to bo due merely to diminu- 
tion of the acidity of the solution. The inhibitory effect of 
the anti-enzyme disappeared when the solution was brought 
back to the initial value by the addition of acid phosphate. 
This idea may doubtless have considerable importance in 
revising our accepted concepts concerning the so-called 
“anti-enzymes” in inflammation, especially in view of the 
progressive increase in hydrogen ion concentration in such 
pathological areas. Nevertheless, although Bayliss may be 
correct as far as anti-enzymes are not comparable in regard 
to specificity to the true antibody, still by counteracting 
the effectiveness of the enzyme, whether by adsorption or by 
changes in the hydrogen ion concentration, the anti-enzy- 
matic effect of scrum on enzymes remains a fact. 

The Mechanism of Local Acidosis in Inflammation 

The mechanism conducing to local acidosis in inflamma- 
tion is still somewhat problematical. The studies of Irisawa 
fl893) and of Ito (1916) have shown that lactic acid is a 
constant constituent of pus. Gessler (1932) has demon- 


URINE 

v 

^'Ing'mu, Constituent,- 

IT*— 


Urea . 
Ammonia 
Creatinine 
Wippuric Acid 
Amino-Acids 

Uric Acid 

TT*—i._. 


8 °f |n»,H 

®' 8 S- fasN, o.; 

fas N, 0 .< 
0-5 B- (a (N, o-o 
„ (as N, I c 
" ■ ‘ S. (as N, 0-?' 


^ric acid (as 

^ch f o m e nndotilcrp i^.(as 

^■^insCo^,,^ 

?$ crcal " d - 0j) ’ 1,8 s 

° rt " 

Organic 
O-Wlic acid 

Carbonic acid ' °' 02 f- 
Somatic ox, -acids, B „ , 

'"organic ' S " P ‘ hydrm W'icn 

«>os,.hatc (as P) 

Udondc (as NaCl) . 1 

Sodiia, ( ? SC ’> •' ' ' 13 

Potassium 
Calcium . 

JJ®finciiui,| 

» » ater 


76 DYNAMICS OF INFLAMMATION 

The point is illustrated in Table Y which summarizes a type 
experiment. 

These same data are graphically presented in Figure 21. 
The interrelation between pH, C0 2 content, and the cytolog- 
ical picture is quite apparent. With the fall in pH there is a 

pH 




& predominance of polymorphonuclear cells to a phase where mononuclear 
phagocytes constitute the chief element. (From Menkin and Warner, Am J. 
Path., 1937, IS, 25) 

concomitant reduction in the local alkali reserve, as measured 
by the CO» content. Parallel with these changes in the acid- 
base equilibrium, the polymorphonuclear cells become dis- 
placed by mononuclear phagocytes. If the exudate remains 
alkaline throughout the period of the acute reaction, the CCh 
content likewise fails to be reduced. On the other hand, if A 



GLUCOSE 


81 


{b) Osaxonc Test. To 5 ml. of the urine in a wide test-tube 
are added 0-2 g. of phenylhydrazine hydrochloride, 0-4 g. 
of sodium acetate crystals and 1 drop of glacial acetic acid. 
The mixture is heated for 45 minutes in a boiling water- 
bath, and is then filtered and allowed to cool slowly. Glucose 
and lactose each form characteristic yellow osazones, dis- 
tinguishable by microscopic examination. Lactosazone forms 
globules or clusters of fine crystals resembling fluffy yellow 
balls. Glucosazone gives lath-shaped crystals. 

ESTIMATION OF GLUCOSE 

In diabetes mellitus it is frequently usefid to determine the 
amount of sugar excreted in the uri ne. The ^.dosage of 
insulin may be gauged by the daily excretion of sugar, the 
patient being under dietary control. The efficacy of the 
treatment may be most accurately determined by means of 
the estimation of the fasting blood sugar in conjunction with 
the above, but when facilities for the determination of blood 
sugar are not available it is possible to handle diabetes with 
reasonable success by the use of urine sugar estimations 
alone. 

Meyer’s Modification of Benedict’s Method 

The method affords a rapid and simple means for the 
estimation of sugar in urine. 

Five ml. of Benedict’s quantitative Teagent together with 
1 to 2 g. of sodium carbonate are placed in a large test-tube. 
About 5 ml. of distilled water are added to the mixture. The 
solution is brought to the boil over a small flame. The urine 
is added drop by drop from a 1 ml. graduated pipette. 
A few seconds’ boiling is allowed between each addition of 
urine. The end point is recognized by the disappearance of 
the blue and green colour. Five ml. of Benedict’s solution 
arc completely reduced by 10 mg. of glucose, 11*0 mg. of 
galactose, or 13 • 4 mg. of lactose. Fresh batches of Benedict’s 
reagent should be tested with 1 g./lOO ml. solutions of pure 
glucose and lactose (also with galactose if the reagent is to 
be used for the galactose excretion test). 
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Gerhardt’s Test 

To 5 ml. of urine is added, drop by drop, a solution of 
ferric chloride (3 per cent.). White ferric phosphate is 
precipitated. More ferric chloride is added and the solution 
is filtered. A brown or purplish colour is obtained depending 
on the amount of acetoacetic acid present. The urine tested 
must be free from salicylic acid and salicylates and the 
compounds excreted after administration of aspirin, anti- 
pyrin, etc., all of which give a very similar reaction to aceto- 
acetic acid, but never give the sodium nitroprusside reaction. 

This test detects 1 part of acetoacetic acid in 7,000 parts 
of urine. The colour, if due to acetoacetic, is discharged on 
heating ; if due to salicylates, it persists. 

Notes. — When Rothcra’s test is found positive, Gerhardt’s 
test should always be done in order that a rough estimate of 
the degree of ketosis may be made. Wien Rothcra’s test 
is negative no acetone bodies are present and other tests 
become unnecessary. 

The nitroprussic reaction is a test for acetone, but aceto- 
acetic acid decomposes so readily into acetone that it also 
gives the test. The ferric chloride test for acetoacetic acid 
is not given by acetone. 

SPECIFIC GRAVITY OF URINE 

The urinometcr is placed in the urine in the urinometer 
cylinder or a 50 ml. graduate. The urinometcr should float 
freely in the urine and not touch the side of the vessel. In 
reading the urinometer the eyes should be on a level with the 
top of the meniscus of the urine both at the front and back 
of the cylinder. On the stem of the urinometcr the number 
just visible above the surface of the urine is noted. This is 
the specific gravity to which 1000 is to be added. 

ALBUMIN 

Protein (in significant amount) in urine may be albumin 
and globulin (derived from the blood plasma) or “ Bence- 
Jones protein." 
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drops rapidly' while (lie concentration of lactic acid corre- 
spondingly increases (Fig. 22). The hydrogen ion concentra- 
tion increases to a pH of G.5. Polymorphonuclear leukocytes 
are found wanting or appear in small numbers ns degener- 
ated, swollen, or distorted cells. The bulk of the cellular elc- 

1 Percentage or Polymorphonuclear Leukocytes 
□ Percentage of Mononuclear Phagocytes 

rcrCml n 




UREA 


S3 


Quantitative Estimation o! Albumin 
The urine and sulphosalicylic acid are mixed in the propor- 
tions named above in a small tube of standard size. After 
5 minutes, the turbidity is compared with that in the set of 
gelatin permanent standards (King and Haslewood 1930 ; 
see page 151), and read as mg. of albumin per 100 ml. of 
urine. If the amount is greater than 100 mg. albumin per 
100 ml. the urine is suitably diluted and a fresh estimation 
carried out. 

Note. — T he above tests will detect albumin in urine in 
amounts as little as 10 mg. per 100 ml. Unlike the nitric 
add tests they do not give “ false positive ” results. 

BLOOD 

Using boiled and cooled urine the benzidine or guaiacum 
test is carried out, as described on page 75. Urine con- 
taining blood frequently gives a positive test for albumin. 

UREA 

Estimations of the amount of urea and of ammonia in the 
urine arc valuable in a number of tests of renal function. 
The amount of urea in a single specimen may be from 0-02- 
4’00 g. per 100 ml., while the quantity of ammonia is usually 
small. The 2 1-hourly excretion is, approximately, 30 g. of 
urea and 0-8 g. of ammonia. In certain conditions the 
ammonia content of the urine may be greatly raised (e.g., 
in diabetic acidosis). 

PRINCIPLES OF METHODS 
(a) The urea is converted to ammonia with urease and the 
ammonia nitrogen estimated by Nesslcrization. 

(i») The urea is converted to nitrogen by sodium liypo- 
bromite and the nitrogen measured manometrically. 
Method (a) is used for the accurate estimation of urea and 
ammonia, while method (5) is particularly well adapted for 
use in renal function tests where a rapid and fairly accurate 
measure of the amount of urea 4- ammonia is required. 
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The studies of Lundsgaard (1931) indicated that a muscle 
poisoned with iodoacetic acid eliminates the production of 
lactic acid during the contractile phase. The introduction of 
iodoacetic acid or of 0.001M solution of mono-iodo-acet- 
amide into the inflamed pleural cavity of dogs, however, 
failed to inhibit the glycolytic activity. 

The foregoing observations indicate that the cytological 
picture in an area of acute inflammation is apparently con- 


Hours: Duration of Inflammation 


an Alkaline range and the polymorphonuclear cells predominate throughout 
the course of the inflammatory reaction. (From Menkin and Warner, Am J. 
Path., 1037, IS, 25 ) 

ditioned by the local pH, which in turn is determined by the 
rate of lactic acid formation and the depletion of the alkali 
reserve at the site of injury. With progress in the intensity of 
the inflammatory reaction there is a tendency for increased 
glycolytic activity as revealed by a rise in lactic acid forma- 
tion. This is accompanied by a fall in the carbon dioxide 
capacity and the pH correspondingly drops. A true lactic 
acid acidosis results at the site of inflammation. The po y- 
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To express the results as urea multiply by 2-14. 

B. Ammonia. One ml of the urine is placed in a 50 ml. 
volumetric flask together with about 25 ml. of water ; 2 ml. 
of sodium hydroxide and 2 ml. of zinc sulphate are added and, 
after diluting to the mark, the contents are filtered. Ten ml. 
of the filtrate (=0-2 ml. of urine) are pipetted into another 
50 ml. flask, water is added to about 40 ml. and after the 
addition of 5 ml. of Nessler’s reagent and dilution to the 
mark, the colour is read in a colorimeter m the same way and 
using the same standards as described for urine urea +• 
ammonia. 


CALCULATION 


(1) When the standard is 10 ml. of ammonium chloride, 


Urine ammonia * 


( __ Reading of standard ^ i x 100 
( Reading of test ' 0*2 

(2) When the standard is 20 ml. of ammonium chloride, 


T7 _. „ • * I Reading of standard w - _ , 100 

Urine ammonia*! = — — — s. x 0-2 x — 

\ Reading of test 0 -2 

• mg. N per 100 ml. 

Notes .—If urea only is required this is of course calculated 
by subtracting the ammonia value from urea -f ammonia 
figure. 

For the purpose of the urea clearance test the urea -f- 
nmmonia figure is used since, as Van Slyke has pointed out, 
this result is a better index of the rate of urea excretion. 


Hypobromite Method 

The apparatus sketched is used. The 50 ml. burette A 
is clamped vertically and its top end is closed with a doubly 
bored rubber bung. Through one of the holes in this bung 
passes a short glass tube closed by a piece of pressure tubing 
and a clip II. Through the other hole passes a short tube 
connected with pressure tubing to the small bottle C, which 
is closed by a rubber bung. The other end of the burette is 
connected to the reservoir D, which is filled with water. 
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function of the local hydrogen ion concentration. The 
macrophages are more resistant than the polymorphonuclear 
cells to changes in hydrogen ion concentration. These in vitro 
observations indicate the primary and direct effect of the 
pH in determining the cellular constituents of inflamma- 
tion . 1 The replacement of polymorphonuclear cells by 



Fig. 20. Effect of pH on leukocytes. I, n croup of suprsvitfllly stained 


posed to the acid reaction there is now no sign of cellular aggregation; the 
staining of the cytoplasmic granules is normal, and there ia no dye in the 
nuclei. (From Menkin, ArcA. Path , 1039, 27, 115.) 


macrophages in the course of inflammation is reasonably 
explained on the basis of a developing local acidosis in the 
inflamed area. With further increase in the local hydrogen 
ion concentration, both types of leukocytes are actively 
affected and a state of suppuration follows. It is also possible 
that the development of an acid pH favors the action of pro- 


i As pointed out previously diapedeaia of polymorphonuclear leukocytes ” 
parently an independent phenomenon which ia referable to the hberatio 


taxine 
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Hence, €0 g. urea s 22 * 4 1. of nitrogen at N.T.P. 

1 g. „ s 373 ml. „ „ „ „ 

In fact, 357 ml. of nitrogen are yielded on the average by 
1 g. of urea, and it is not necessary to correct for temperature 
and pressure. 


Hence, 


357 ml. N, — 1 g. Urea 


Urea in urine* 


mi.N s 

357 


X 


100 


ml. N 2 
714 


= ml. N. X 0* 14 


* g. per 100 ml. 

Reagent . — Sodium hypobroraite (prepared fresh, daily). 
2*5 ml. of bromine are carefully added to 25 ml. of sodium 
hydroxide (40 g. per 100 mb). 


TOTAL NITROGEN OF URINE 

Total nitrogen of urine consists of the nitrogen-containing 
compounds : ammonium salts, urea, uric acid, creatinine and 
small amounts of other substances, some of them still un- 
identified. The total nitrogen excreted by a normal adult 
individual is about 14 g. per day. This amount may be 
depressed in conditions involving kidney damage. 


PRINCIPLE 
The Kjeldahl Method 

The organic substances of the urine arc destroyed bv 
digestion with concentrated sulphuric acid and nil the nitro- 
gen present is converted into ammonium sulphate. By the 
addition of excess of alkali, ammonia is liberated and is 
quantitatively distilled off into a measured amount of 
standard acid. The amount of acid neutralized by the 
ammonia gives the measure of the amount of nitrogen 
present in the sample of urine used. 
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intermediary product in the breakdown of glycogen to lactic 
acid. Cori and Cori (1934) have demonstrated that tetanic 
stimulation of muscle yields hexosephosphate. Under anaero- 
bic conditions the removal of this compound is affected by 
glycolysis for it is accompanied by an equivalent increase in 
lactic acid and by the liberation of inorganic phosphate. 
Menkin and Warner (1937) have accordingly studied the 
inorganic phosphate content of cell-free exudates and com- 
pared it with that in samples of blood serum. In the initial 
stages of inflammation the level of phosphates in exudates is 
slightly higher than in serum. After several days, however, 
when the inflammatory reaction has progressed in intensity 
and the exudate assumes a purulent character, the phosphate 
content is found to be several times more elevated in the cell- 
free exudate than in the serum. Concomitantly, as pointed 
out above, the lactic acid concentration is found to be con- 
siderably augmented. This would strongly suggest a similar- 
ity between the changes in carbohydrate metabolism during 
muscular activity and those occurring in an acutely inflamed 
area where there presumably develops a state of relative 
anoxemia owing to impaired local vascular and lymphatic 
circulation (Menkin, 1931). 

Rubel (193G) has recently studied the relation between 
glycolysis and proteolysis in tissues. The observations of 
this investigator indicate that an increase in glycolytic activ- 
ity of tissue is accompanied by an accumulation of amino 
and non-protcin nitrogen, whereas inhibition of glycolytic 
activity is followed by a diminution of proteolytic processes- 
It may be noted here that parallel determinations in exudate 
and blood serum hare invariably revealed a higher concen- 
tration of amino acid nitrogen in the exudate than in the 
blood serum (Menkin, 193G6, 1938). This difference in level 
was particularly striking in the later stages of the inflamma- 
tory reaction at a time when the lactic acid concentration 
was elevated. Furthermore, the concentration of total pro- 1 
tein nitrogen was found to be lower in the exudate than w 
the corresponding samples of blood serum (Tables II and 1U» 
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tube dips below l he surface of the liquid. Ten ml. of con- 
centrated alkali {40 per cent. NaOH) arc now added to the 
distillation apparatus through the small funnel. The 
ammonia which is liberated is distilled over into the standard 
acid in the conical flask by bubbling steam through the 
mixture. A Bunsen burner is placed under the large round 
bottomed boiling flask which should be about half full of 
water. Steam is bubbled through the mixture and the 
distillation continued until the contents of the conical flask 
are about twice what they originally were. The flask is now 
lowered until the end of the condenser tube no longer dips 
into the liquid. The condenser tube is washed down with 
distilled water into the conical flask, which is now removed 
and its contents titrated with 01 x-sodium hydroxide. 
The titration figure so obtained is subtracted from the 10 ml 
of 0 • 1 n - sulphuric acid to give the ml. of standard acid which 
were neutralized by the ammonia. 

CALCULATION 

ml. 0*1 n-ILS 0 4 neutralized by ammonia X 14 

— mg. nitrogen in the 1 ml. of urine. 

It is usual to express the nitrogen content of urine in terms 
of the output per 24 hours. 

Note. — Determinations of the different nitrogen constitu- 
ents of urine are made according to procedures which are 
essentially the same as those used for blood. 


CREATININE AND CREATINE 

Creatine is methyl-guanidine-acctic acid. 

Creatinine is its anhydride. These substances are probably 
derived from protein. 

The excretion of creatinine in the normal individual varies 
according to the muscular weight. The amount eliminated 
each 24 hours ranges between 0 -4 and 1-8 g. in the adult. 
On a creatine-free diet the output is remarkably constant and 
Very seldom varies except in uncommon clinical conditions. 
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acidosis in acutely inflamed areas. But their contention seems 
to be invalidated by a dubious technique utilized in measur- 
ing the hydrogen ion concentration, and by their failure to 
correlate the leukocytic picture and pH on an identical 
sample of exudate (for detailed criticisms see Menkin, 
19306). The writer's conclusions on this question have been 
recently further confirmed by Lurie (1937). Finally, it is 
conceivable that the relative absence of leukocytic migration 
in the late stages of inflammation may be referable to a local 
increased concentration of lactic acid. This acid is, as has 
been pointed out in the preceding chapter, negatively chemo- 
tactic. Its formation in appreciable amounts may thus coun- 
teract the migration of white cells induced by the liberation 
of leukotaxine. 

Summary. The usual cellular sequence in the development 
of an acute inflammatory reaction consists of an initial infil- 
tration of polymorphonuclear leukocytes which is subse- 
quently replaced by an abundance of macrophages. The 
^ underlying mechanism involved in this basic phenomenon 
\ depends on the production oi a local acidosis in the inflamed 
area. 

At a pH varying between 7.2 and about 7.4 the predomi- 
nating cell of an exudate is the polymorphonuclear leukocyte. 
Between 7.0 and G.8 the macrophage constitutes the chief 
cellular element. Concomitant with the rise in hydrogen ion 
concentration, the polymorphonuclear leukocyte manifests 
various signs of degeneration, injury, or necrosis. Below a 
pH of 0.7 or thereabouts, all types of cells ore injured and 
a state of frank suppuration ensues. 

The correlation between the pH and the cytological picture 
in inflammation, suggests that the hydrogen ion concentra- 
tion is the factor conditioning the cellular pattern of an exu- 
date. In vitro studies add further support to the view that 
the viability of leukocytes in an inflamed area is a direc 
function of the pH. The hydrogen ion concentration thus 
determines the survival of leukocytes; but the diapedesis o 
polymorphonuclear leukocytes into inflamed tissue is refer- 
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urine (usually equal to the volume used for the creatinine 

determination), and about 130 ml. water. The contents arc 

brought to the boil rapidly, and then allowed to boil gently 

for 1 hour. The flame is raised and the mixture boiled down 

rapidly to bring the volume of the solution to about 2.3-30 ml, , 

The flask is cooled, and 4 ml. x-NaOH are added. After j 

10 minutes the contents of the flask are transferred to a . 

100 ml. volumetric flask and water is added to the mark. 

The contents arc compared in the colorimeter with the ) 

standard coloured solution used for creatinine. j 

} 

CALCULATION j 

As for creatinine. The result is total creatinine, i.e., J 

preformed creatinine plus creatine, expressed as creatinine. S 

Thus, the amount of preformed subtracted from the total j 

creatinine gives the creatine content of urine expressed as * 

creatinine. j 

SOLUTIONS [ 

x -Sodium Hydroxide. >. 

Saturated Solution of Picric Acid. >? 

Creatinine “ Slock 11 Standard. (Containing 1 mg. of j/ 

creatinine per ml.). — 1-602 g. of pure creatinine zinc chloride !{ 

are dissolved in x/10 hydrochloric acid solution, and the 'j 

volume made up with the n/10 acid to 1 litre. (This is the j 

same “ Stock ” Standard as is used in the blood method.) 1 

URIC ACID I 

Urine contains about 0*4 g. of uric acid per 24-hourly 
specimen. This amount may be increased in cases of 
leukaemia, and decreased in gout. 

PRINCIPLE 

Urine is diluted and treated with Benedict’s arsenophospho- 
tungstic acid reagent and then with a sodium cyanide-urea 
solution. The blue colour produced by reduction, at the 
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THE PHAGOCYTIC THEORY 

Metchnikoff may well be considered the founder of the 
phagocytic theory. To this investigator phagocytic activity 
is the basis of inflammation. It represents a reaction by the 
host against irritants, and as such it is regarded by Metch- 
nikoff as an adaptation in the evolutionary development ac- 
companying the struggle for existence (1892). 

Metchnikoff undertook a comparative study of phagocyto- 
sis in the various zoological phyla from protozoa to mammals. 
He was able to show that in more primitive forms phagocyto- 
sis was essentially a nutritional function. After the ingestion 
of food by an amoeba, intracellular digestive enzymes dis- 
posed of the particle, or else it was extruded. The significance 
of his work on invertebrate forms was confirmed and further 
extended by Messing (1903) and by more recent work on 
earthworms by Cameron (1932). 

In the higher forms phagocytosis assumes a more special- 
ized function. Two types of leukocytes are primarily engaged 
in phagocytosis: the polymorphonuclears and the macro- 
phages. Metchnikoff first established the importance of these 
cells in inflammation and immunity in view of their phagocy- 
tic ability. It is true, however, as pointed out by Lubarsch 
(1925), that under certain circumstances many other types 
of cells are capable of manifesting phagocytic function. 
Metchnikoff sharply differentiated the ingestive ability of 
both types of leukocytes. Macrophages presumably were 
concerned with the phagocytosis of tissue cells, whereas mi- 
crophages or polymorphonuclear leukocytes tended to ingest 
bacteria. Chronic infections, such as tuberculosis or leprosy, 
were regarded as exceptions to the rule. The available evi- 
dences indicate that this earlier view is probably not strict y 
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CHLORIDES 

The usual excretion of chloride amounts to about 10 or 
12 g. (expressed as sodium chloride) per 24 hours for normal 
individuals. The amount of this excretion may be altered 
during certain clinical conditions. It is most markedly 
depressed in conditions of oedema which are characterized 
by salt and water retention. 

PRINCIPLE 

The Volliard procedure for the determination of chloride 
in solution consists in the precipitation of the chloride with 
a measured excess of standard silver nitrate in the presence of 
nitric acid. The excess of silver nitrate over that necessary 
for complete precipitation is measured by titration with 
standard ammonium thiocyanate. A small amount of a 
ferric salt is added as indicator, the first production of a red 
colour due to the formation of ferric thiocyanate indicating 
the point at- which an excess of ammonium thiocyanate has 
been added. The ferric salt is included in the silver nitrate 
solution. 

The difference between the \'olume of the standard silver 
nitrate used and that of the standard ammonium thiocyanate 
represents the amount of silver precipitated by the chloride. 

METHOD 

Ten ml. of urine are added to about 25 ml. of water in a 
100 ml. volumetric flask. Twenty ml. of the standard silver 
nitrate are added and after a few minUtes the volume made 
to the 100 ml. mark. The mixture is filtered, and 50 ml. of 
the clear liquid transferred to a 250 ml. conical flask for 
titration. Standard ammonium thiocyanate is run in until 
the production of the first permanent faint reddish -pink 
colour. 

CALCULATION 

The figure representing the thiocyanate titration is sub- 
tracted from 10 (ml. of silver nitrate) to give the figure 
representing the silver nitrate precipitated by chloride. 
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2. The early work of Ledinghnm (1903) suggested very 
definitely that the rate of phagocytosis increased with a rise 
in temperatures between 18° C. and 37° C. Madsen and 
Wulff observed that the temperature for maximum phagocy- 
tosis seemed to coincide with the body temperature of the 
given species (1919). For instance, chickens and pigeons 
showed maximal phagocytosis in vitro at 41° C. whereas 
human leukocytes displayed an optimum reaction at 37° C. 
Fcnn critically studied the experimental observations of 
Madsen and Watabiki (1919) and arrived at the conclusion 
that Qjo, the temperature coefficient, was 2.0 indicating thus 
that the rate of phagocytosis was doubled by a rise of 10 de- 
grees In temperature. When Fenn analyzed his own material 
he stated, however, that the values of Q, 0 may vary at dif- 
ferent temperature levels. This, he thought, might possibly 
be referable to the introduction of additional factors with 
temperature changes, such ns cellular viscosity, clumping of 
cells or of particles. 

3. In regard to the effect of osmotic tension, the work of 
Hamburger (1912) indicated that hypotonicity as well as 
hypcrtonicity tend to inhibit phagocytosis of carbon par- 
ticles by the leukocytes of the horse. To some extent the 
effect was found to be reversible, especially in the case where 
cells had been first subjected to a h} 7 ?otonic medium. Plac- 
ing them back into an isotonic solution induced a normal 
phagocytic reaction. The studies of Wright and Reid (1906), 
and those of Ouwclecn (1917) have cast some doubt, how- 
ever, on Hamburger’s conclusion regarding the depressing 
effect of hypo tonicity. These investigators found maximal 
phagocytosis to occur in 0.6 or 0.5 per cent NaCl. 

4. A number of investigators have studied the rfilc of ions 
in phagocytosis. Hamburger (1912, 1927) described the 
depressing effect of I ions; some of the other halogens, on the 
other hand, produced relatively little difference. The effect 
of some ions is reversible. By placing the cells from an io- 
dized medium to one of NaCl, the normal rate of phagocyto- 
sis may be restored. Ca ions have the peculiar property of 
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acetate method for sodium in the same manner as blood 
plasma. 

POTASSIUM 

The cobaltinitrite jnethod for blood serum is applied to a 
sample of ttifTwffne from which the ammonia, which forms 
an insoluble cobaltinitrite like potassium, has been eliminated 
by ashing and resolution in dilute acid. 

Two ml. of urine are evaporated to dryness in a good 
quality porcelain, vitreosil or platinum crucible. The residue 
is ashed at a dull red temperature (about 400° C.} for some 
hours. Overnight is convenient if an electric muffle is avail- 
able ; otherwise the crucible may be placed inside two 
porcelain evaporating dishes, one inverted over the other, 
and heated witlj. ^.Bunsen burner until all carbonaceous 
matter has disagj&fired. 

The ash is dissolved in a small amount of 0*1 N-hydro- 
chloric acid, and the solution transferred quantitatively with 
washings of water to a 10 ml. standard flask, made to volume 
and mixed. (If the potassium content is likely to be high, 
the solution of the ash is made to 25 or 20 ml.) 

0-5 ml. of this solution (=0-1 ml. of urine) is used for the 
potassium determination described for blood serum. The 
result so obtained is multiplied by 5 to allow for the dilution 
of 2 ml. of urine to 10 ml. 

BILE PIGMENT 

Urine containing bile is generally yellowish-green to brown 
in colour. When shaken it foams readily because of the 
presence of the bile salts. The foam has a yellowish-green 
colour. This in itself is a rough test for bile but the more 
accurate clinical tests depend upon the fact that bilirubin is 
oxidized by nitric acid to form a scries of coloured compounds, 
hili verdin (green), biUcyanin (blue), choletelin (yellow), etc. 

Nitric Acid Test 

When a urine containing bile pigment is filtered the bili- 
rubin is largely retained on the filter paper. Twenty to 
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b. Histamine augments phagocytosis in a concentration of 
about 1:40,000. 

c. Extirpation of the thyroid in the rabbit decreases phago- 
cytosis (Asher, 1924; Furuyn, 1924; Mnsuno, 1924 ; Abe , 
1925). Furuyn succeeded in increasing phagocytosis in a 
thyroidectomized rabbit by feeding thyroid extract. 

d. Bacteriophage, according to D'HcrclIe (192G) seems to 
be adsorbed on susceptible bacteria, rendering them thereby 
a more favorable target for phagocytosis. These observa- 
tions, according to Mudd, McCutchcon, and Luckd (1934), 
suggest the necessity of studying the interfacial relationship 
between leukocytes and bacteria containing adsorbed bac- 
teriophage. 


Mechanism of Phagocytosis 
The important phagocytosis-promoting substances in nor- 
mal and immune sera arc the opsonins and tropins. These 
substances, by forming a film around the particles to be 
phagocytosed, favor their ingestion. The experimental 
studies of Luckd, McCutchcon, Strumia, and Mudd (1929, 
1934) have led them to the following interpretation of the 
basic mechanisms involved: Serum proteins arc deposited on 
the surface of the particles. This, by altering the relation- 
ships in the interface between particle and phagocyte, and 
between particle and medium, favors the spreading of the 
leukocyte over the surface of the object to be phagocytosed. 
The experimental procedure adopted by these investigators 
consisted in correlating surface properties and phagocytosis 
of bacteria, red blood corpuscles, and collodion particles in 
serial dilutions of normal or immune serum. The surface 
properties were studied in regard to a) agglutination, b) co- 
hesiveness by means of a modified agglutination or “resus- 
pension '* reaction, c) cataphoresis, and d) wetting properties 
of acid-fast bacteria and erythrocytes in an oil-water inter- 
face before and after immunization. The changes in these 
surface properties with serial dilutions were correlated wit 
alterations in phagocytic ability. The correlation between 
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2. 0-5 ml. of glacial acetic acid, followed by 2 ml. of 
5 *per cent, copper sulphate, are added to 10 ml. of 
urine. Two ml. of chloroform are added and the mixture 
thoroughly shaken and allowed to settle. If any 
urobilin is present it will appear in the chloroform layer, 
to which it imparts a pink colour. The spectrum may 
again be examined for absorption at the green-blue. 

INDICAN 

Only small amounts of indican, 5-20 mg. per day, appear 
in normal urine. Great increases are found in clinical con- 
ditions where there is stagnation and putrefaction of intes- 
tinal contents. Likewise decomposition of body proteins due 
to bacterial action, as in gangrene and putrid pus formation, 
results in large amounts of indican appearing in the urine. 

TEST 

To 5 ml. of urine in a test-tube arc added 5 ml, of con- 
centrated hydrochloric acid and 2-0 drops of dilute sodium 
hypochlorite solution, or of a freshly made saturated solution 
of bleaching-powder (a little bleaching-powder shaken in 
10 ml. of water in a test-tube at room temperature). 2-3 ml. 
of chloroform are added and the test-tube closed with the 
thumb and inverted several times. The amount of indican 
in a normal urine will give a light blue colour in the chloro- 
form in this test : if indican is present in increased amount, 
the chloroform will be intensely coloured. The test is 
therefore “ controlled ” with a normal urine, tested at the 
same time. 

Care must be taken in the above test not to use a large 
excess of hypochlorite solution, or the blue-coloured chloro- 
form-soluble product will be oxidized to a colourless substance. 

MELANIN 

The black melanin pigments do not occur in normal urine. 
Their occurrence is usually associated with melanotic tumours. 
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countered at the site of repeated leukotaxine injections bears 
evidently no direct relation to the number of circulating 
leukocytes. 

Presence of a leukocytosis-promoting factor in inflammatory 
exudates. Having apparently eliminated leukotaxine as the 
factor responsible for the state of leukocytosis frequently 
associated with inflammation, studies were undertaken by 
the writer in an endeavor to determine whether the active 
principle might not be liberated in the exudate as a result of 

tissue injury. ... . f 

Danzer (1930) showed that the injection in rabbits ot 
various extracts of organs deflects the polynuclear count. 
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TABLE VIII 


Effect of Inflammatory Exudates Injected into the Circulation on 
Leukocyte Counts 


Doo No. 

Absolute Number of 
Leukocytes arrohE 
Injection of Exudate 


■B9 


per mm* 

per mm* 


4-14 1 

10,525 i 

24,275 

130 6 

4-27 

0,850 | 

20,050 

103 5 

4-17 

7,200 

14,000 

| 01.4 

4-14 

0,975 

18,800 

88 5 

4-17 

7,875 

14,025 

85 7 

4-27 

14,050 

25,550 

714 

4-27 

14,150 

25,000 

71.2 

4-14 

0,175 

14,000 

59.1 

4-23 

8,750 

13,725 

57.4 

4-19 

12,100 

18,725 

54.8 

4-14 

10,000 

10,000 

62.3 

4-14 

8,850 

13,100 

48.0 

4-2G 

0,050 

12,900 

42 5 

4-14* 

11,425 

14,375 

25 8 

Averngo | 

10,377 

17,038 

700 


•Exudate obtained from don having a profound leukopenia tW.BC m 3.125) resulting 
from two successive injections of turpentine 


cubic millimeter. These and other similar experiments sug- 
gest that an exudate from an animal with marked leukopenia 
contains a reduced amount of leukocytosis-promoting factor. 

Several hundred cubic centimeters of exudate can often 
be recovered from the pleural cavity of a dog after a single 
injection of 1.5 cc. of turpentine. Yet a sample of 15 to 25 cc. 
of this exudative material introduced into the blood stream 
of a normal animal induces, as shown above, a definite in- 
crease in the number of circulating leukocytes. The bulk of 
recovered exudate would doubtless considerably dilute the 
irritant. For this reason, it seems somewhat doubtful that 
the leukocytosis-promoting effect of exudates can be re- 
ferred to the direct action of turpentine or some of its deriva- 
tives. , . 

In an endeavor, however, to throw further light on this 
point, experiments were devised in which turpentine mixe 
in serum, or the exudative material recovered after physica 
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20 cc. of exudate (Table VIII, cf. Dogs 4-14 and 4-27). In 
an experiment of this sort, the stimulus on the hematopoietic 
centers is probably of short duration. On the other hand, 
with an acute inflammatory reaction in the pleural cavity, 
there is presumably a continuous supply of the leukocytosis- 
promoting factor diffusing into the systemic circulation. 

To determine whether neurogenic influence is effective in 
the production of leukocytosis with injury, Doctor Luco of 
the Department of Physiology denervated the leg of a dog 
by cutting the sciatic, the femoral, the obdurator, the 
femoro-cutaneous lateralis and posterior nerves. The ab- 
dominal sympathetic strands were likewise extirpated. The 
dog was subsequently subjected, under nembutal anesthesia, 
to a severe burn, by dipping its denervated limb for one 
minute into water heated at 90° to 95° C. Extensive edema 
developed rapidly. On the following day the white blood 
cell count revealed marked leukocytosis (Table IX). This 
experiment probably points to the absence of any significant 
nervous mechanism in the regulation of leukocytosis with 
concomitant inflammation. 

In conclusion, the results summarized in Tables VIII and 
IX clearly show that the products of injury liberated in an 
area of acute inflammation are per se capable of inducing in 
ft normal dog a prompt leukocytosis to a degree reasonably 
comparable with that seen in an animal with an induced 
pleurisy. 

The effect on the leukocyte level obtained after the admin- 
istration of exudative material transcends the maximum 
rise occurring during the rhythmical leukocytic fluctuations 
seen in a dog. Such an animal reveals, as a rule, relatively 
little variation from hour to hour. During the period of ex- 
perimentation, i.e. six to eight hours, the maximum increase 
in leukocytes of several normal dogs averaged 23.8 per cent 
(Table X). The counts were made on dogs which, on sepa- 
rate days, had been injected with exudates (cf. Table VIII). 
A comparison of Tables VIII and X indicates that there is 
x i f ui., « cinrrlrt in f.rn. vascular injec- 
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following details if reliable results arc to be obtained. Four 
cylinders are marked : A and B (blanks), T (test) and S 
(standard), and the following amounts of urine, etc., placed 
in them. 

A B T Standard 

Extracted Urine 2 ml. 2 ml 2 ml. 1 ml. of dilute standard. 

Methanol 2 ml. 2 ml. 2 ml. 0-5 ml. water, 2 ml. of methanol. 

20 % sodium hy- 1 ml, 1 ml. — — 

dioxide 


To cylinder A is added 2 per cent, potassium ferricyanide 
drop by drop from a burette until the colour remains slightly 
more yellow than cylinder B for 80 seconds. The volume 
added is noted, and this tube is discarded. The remaining 
tubes are treated as follows : 


B T Standard 


2 % potassium ferricyanide — 

20 % sodium hydroxide — 

Hydrogen peroxide 5 % (20 vol.) 5 drops. 
/so-butanoJ 10 ml. 


Same amount a* 
used in tube A, 
1 ml. (mix). 

S drops. 

10 ml. 


1 drop. 


1 ml. (mix). 
5 drops, 
10 ml. 


All three cylinders are shaken vigorously for 2 minutes and 
the mixtures allowed to separate ; the aqueous lower layers 
arc removed and discarded. Four ml. distilled water arc added 
to each cylinder and shaken for 2 minutes, allowed to separate, 
the water removed and 2 ml. of ethanol added to clarify. 
The volumes of B, T and Standard are made up to 15 ml. 
with redistilled wo-butanol, and 10 ml. of B and T arc used 
for matching fluorescence. 

Fluorimetry. Two tubes arc labelled B and T. Ten ml. of 
the iso-butanol extract B arc measured into tube B, and a 
similar quantity of T into tube T. The comparison is made 
in a completely dark room using an ultra-violet lamp, which 
is enclosed in a case fitted with a Woods glass filter. The 
tubes ore held in front of the lamp and the fluorescence 
viewed down the long axis of the tubes. The bottoms of the 
tubes rest on a blackened platform fitted to the case of the 
lamp. Precautions arc taken to interchange the position of 
the tubes and to inspect the fluorescence quickly to avoid 
errors due to fatigue. Standard thiochromc (S) is added to 
tube 11 drop by drop with mixing, and at the same time 
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circulating blood of normal animals and of dogs previously 
treated with exudates. A leukocytosis invariably failed to 
develop in all these experiments. The administration of dead 
bacteria (broth culture of killed Staphylococcus aureus) like- 
wise proved incapable of altering significantly the total num- 
ber of leukocytes. 

Type experiments are graphically represented in Figures 
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Fio. 29. A comparison of the effect of a sample of caudate on the blood leuko- 
cyte level of Dog 4-27 with that obtained with the residual dialyzed fraction 
of a sample taken from the same exudate Note that the material retained 
in the cellophane bag after prolonged dialysis has, to a considerable decree, 
retained the leukocytosis-promoting factor. Heating to 60° C. this residu 
dialyzed fraction completely inactivates the factor (dash and dotted iin ) 
The effect of blood serum and the normal variations in the counts of tm 
animal are likewise indicated. 


28 and 29. When the exudate is reinjected in a dog several 
hours following a first injection, the primary effect can be 
reinforced and a secondary rise in the level of leukocytes may 
become manifest (Fig. 28). The transitory leukopenia im- 
mediately following the intravascular injection of serum 
(Fig 28) or even of exudate (Fig. 29) recalls the leu -opema 
described by Ewing (1895) after intravenous injection ot 


Chapter VIII 


ANALYSIS OF CALCULI 

Calculi, although occasionally composed of a single con- 
stituent, are commonly mixtures of substances, and should 
always be cut or sawn to ascertain the presence or absence 
of different layers of deposits. The layers should be tested 
separately. 

Renal Calculi. These most often contain carbonate, 
oxalate, calcium, uric acid or urates, ammonium salts and 
phosphates ; more rarely cystine, “ urostealith ” (fatty 
mixtures), fibrin and xanthine. 

Biliary Calculi. The following substances may be present 
in these stones : cholesterol, bile-pigments and calcium. 


SCHEME OF TESTS 
Renal Calculus 

The calculus is powdered in a mortar (separate layers 
being treated separately). Some of the powder is treated 
in a test-tube with cold 2 N-nitric acid. Effervescence 
indicates carbonate . The solution is gently boiled, cooled, 
and filtered. Some of the filtrate is made alkaline with 
ammonia solution. A precipitate indicates calcium oxalate 
or phosphate : the phosphate precipitate being soluble in 
acetic acid (now added in excess), the oxalate insoluble. The 
presence of phosphates may be confirmed by addition of 
ammonium molybdate solution to the nitric acid mix- 
ture. A yellow precipitate on boiling, or an intense blue 
colour on the addition of aminonaphtholsulphonic acid 
reagent (cf., blood phosphorus), confirms phosphate. The 
presence of oxalate may be confirmed by its conversion to 
carbonate by heating some of the precipitate to rod heat over 
a flame and treating the residue with 2.x-hydrochloric acid, 
when effervescence indicates oxalate. This solution is treated 
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leukopenia following the injection of an exudate, would rule 
out the rise in the leukocyte level as due to a mechanical 
transfer of cells contained in the injected exudates. 

The leukocytosis-promoting factor of exudates is thermola- 
bile. Boiling the exudate, or merely heating it for several 
hours at 60° C. inactivates it. This is illustrated in the experi- 
ments listed in Table XI. The factor is essentially non- 
dialyzable. When dialyzed against running tap water through 
a cellophane membrane for about twenty-four hours, the 
indiffusiblc residual material retains a considerable amount 
of its potency (Table XI). Heating the residual fraction of 
the dialyzed exudate to 60° C. completely inactivates its 
potency. The results of these observations are illustrated in 
Figure 29. 

The leukocytosis-promoting factor seems to exert its effect 
primarily on the hematopoietic tissue in the bone marrow. 
Following the injection of an exudate, there is a definite rise 
in the number of immature polymorphonuclear leukocytes. 
The following data from a type experiment supports this 
view: 


Doc Number 4-27 

1. Absolute number of leukocytes prior to injection of exudate 1 4,650/mm* 

(a) Percentage of polymorphonuclear leukocytes S6% 

(b) Absolute number of polymorphonuclear leukocytes 12,500/mm 

(c) Percentage of immature polymorphonuclear leukocytes 8% 

(d) Percentage of mature polymorphonuclear leukocytes 02% 

(c) Absolute numberof immature polymorphonuclear leukocytes 1,008/mm' 
({) Absolute number of mature polymorphonuclear leukocytes 1 1,501 /mm 

2. About 20 cc of exudate injected into blood stream 

3 1'ivc hours later 1 Absolute number ot leukocytes 23,825/mm 

(ft) Percentage of polymorphonuclear leukocytes 88% j 

(b) Absolute number of polymorphonuclear leukocytes 20 ,^ 0 /mm 

(c) Percentage of immature polymorphonuclear leukocytes 

(d) Percentage of mature polymorphonuclear leukocytes G /c s 

(e) Absolute number of immature polymorphonuclear leukocytes |7, 

(0 Absolute number of mature polymorphonuclear leukocytes 12,99S/mm 


A survey of the foregoing figures indicates that the absolute 
number of mature polymorphonuclear leukocytes barely in- 
creases after the administration of the exudate. On the other 
hand, the absolute number of immature polymorphonuclear 
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hydrochloric acid ; 2 v-ammonia ; 2 N-sodium and potassium 
hydroxides ; lead acetate (10 g . per 100 ml.) ; ammonium 
molybdate (5 g. per 100 ml.) ; ammonium oxalate (4 g. per 
100 ml.) ; sodium cyantdc-urea (5 g. sodium cyanide and 
20 g. urea in 100 ml. of solution) ; Folin’s uric acid reagent 
(sec “ uric acid ” in blood) ; Erlich’s diazo reagent (freshly 
made mixture of 10 ml. of solution “ A ” (1 g. sulphanilic 
acid -f 250 ml. N-hydrochloric acid -f water to 1 litre) and 
0-3 ml. of solution “ B ” (sodium nitrite, 0 *5 g. per 100 ml.) ). 

SOLUTIONS 

2 s-Nitric Acid. — 12*07 ml. concentrated acid diluted to 
100 ml. with water. 

2 K- Ammonia Solution. — 11*4 ml. concentrated ammonia 
diluted to 100 ml. with water. 

2 x- Acetic Acid . — 12 ml. glacial acetic acid diluted to 
100 ml. with water. 

Ammonium Molybdate Solution. — 5 g. ammonium molyb- 
date dissolved in water and made to 100 ml. (sec p. 55). 

Aminonaphtholsulphonic Acid. — See p. 55. 

2 ^-Hydrochloric Acid. — 20 ml. concentrated acid to 100 ml. 
with water. 

Ammonium Oxalate. — Saturated (4 per cent.) solution 
(see p. 00). 

2 n : -Sodium Hydroxide. — 8 g. per 100 ml. 

Folin's Uric Acid Reagent. — See p. 10. 

Sodium Cyanide — Urea Solution. — See p. 10. 
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circulating leukocytes. With high concentrations of the acid, 
however, in agreement with the earlier studies of Fox and 
Lynch (1917), there is a preliminary leukopenia accompanied 
by symptoms of toxicity. This is followed by a beginning 
rise in the cell count from about the sixth or seventh hour. 
The cellular increase progresses, producing about twenty- 
four hours later a state of frank leukocytosis. This retarded 
development of leukocytosis is unlike the relatively prompt 
response induced with exudates (cf. Table VIII). It is, 
however, conceivable that derivatives of nucleic acid, such 
as adenine or guanine nucleotides, might produce an acceler- 
ated leukocytosis. This, ns mentioned above, has been shown 
by Doan and his collaborators to occur when normal rabbits 
arc injected with these compounds. The injection of six 
milligrams of adenosine (which is essentially a nucleoside of 
adenine) in saline into the circulating blood of a dog failed to 
induce prompt rise in the level of leukocytes. The possibility 
is not precluded, however, that inflammatory exudates may 
contain considerable quantities of nucleotides which per se 
can account for the induced leukocytic response. Studies 
are now in progress to test this possibility. 1 

Moon (1938) is of the opinion that histamine or the so- 
called hypothetical H-substancc is of definite significance in 
the production of leukocytosis associated with inflammatory 
conditions. This worker finds an increased leukocyte count 
in cats, following the intravenous injection of one to two 
milligrams of histamine. The injection of similar or slightly 
higher amounts (c.g. 5 mg.) in dogs is, in the experience of 
the writer, wholly ineffective in altering appreciably the 
total leukocyte count. When eight to twelve milligrams of 

- • • / ■_ -i j- .hmnph (V rourtesv ot th* Smith. 
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Food debris in the “ resting juice,” and an abnormal excess 
of total over free acid indicate pyloric obstruction, with 
decomposition of the retained gastric contents. The normal 
excess of “ total ” over “ free ” acid is about 10 ml. n/10 
per 100 ml. 

ANALYSIS OF GASTRIC CONTENTS 

Gastric Acidity. Five ml. of the stomach contents are 
pipetted into a porcelain dish containing 2 to 3 drops of a 
mixture of equal volumes of Topfer * and phenolphthalein 
indicators. 

The mixture is titrated with n/20 sodium hydroxide until a 
permanent orange colour is obtained (the point at which all 
the free acid is neutralized). Titration is then continued until 
the colour of the solution becomes red (total acid). 

The results are multiplied by ten and thus expressed as 
ml. of n/10 sodium hydroxide required to neutralize 100 ml. 
of stomach contents. 

Bile. A few ml. of the stomach contents are put into a test- 
tube and a few drops of n/50 iodine added. A green colour 
denotes bile. 

Mucus. Mucus is detected by the stringy appearance of 
the stomach contents. 

Blood. Blood is detected in the same manner as “ occult 
blood ” in faeces. 

Lactic Acid. 2 ml. of stomach contents in a test-tube are 
shaken with 5 ml. of ether. The mixture is allowed to 
separate and the ether layer is removed to another tube. 

The ether layer is evaporated off by immersing the tube in 
hot water. 

The residue is dissolved in 2 ml. of water and a few drops 
of MacLean’s reagent are added. A yellow colour indicates 
the presence of lactic acid. 

MacLearC s Reagent is a mixture of : — 

100 ml. saturated mercuric chloride solution (5 per cent.) 
1-5 ml. concentrated hydrochloric acid 
5 g. ferric chloride. 

* Topfer's indicator is a solution (0*5 g. per 100 ml.) of dimethyl yellow in 
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material. The fnctor, after prolonged dialysis of the exudate 
through a cellophane membrane, is found to be, in large 
part, indiffusiblc. Recent unpublished studies on protein 
fractionation of exudates indicate that the active principle 
}is either a pseudoglobulin or that at least it is associated 
(with that protein fraction. 1 

1 These latest studies will lie reported in eitento in two forthrominn puhliratlon* 
(Science, 1010, Arch. Path., July MHO). 



Chapter X 


HYDROGEN ION CONCENTRATION 

In pure distilled water the concentrations of hydrogen ions 
and of hydroxyl ions arc equal. The water is “ neutral.” In 
an acid solution there is a preponderance of hydrogen ions over 
the concentration of hydroxyl ions. In an alkaline solution 
the concentration of hydroxyl ions is greater than that of 
hydrogen ions. 

The product of the concentrations of hydrogen ions and 
of hydroxyl ions is the same (i.e., is a constant) in all aqueous 
solutions, be they acid, neutral or alkaline. 

(H + ) X (OH')=K w 

Pure distilled water has a concentration of one ten mil- 
lionth gram of hydrogen ions per litre, i.e., 1/10 7 or more 
briefly a concentration of 10“ 7 gram per litre. The con- 
centration of hydroxyl ions in distilled water is likewise 
10~ 7 . The product of the concentration of hydrogen ion and 
hydroxyl ion is 10~ 7 X I0“ 7 =* 10' 11 , the value of the 
constant IC W . 

Hundredth normal hydrochloric acid (0-01 x-HCl) has a 
concentration of hydrogen ion of about 0-01 g. per litre, i.e., 
of 10“ 2 . The hydroxyl ion concentration will, therefore, be 
10~ 12 , and the value of the product remains 10 Likewise 
for hundredth normal sodium hydroxide (0*01 x-NaOH) the 
concentration of hydroxyl ions is 10' 5 and of hydrogen ions 
10" 1S . And the constant K w is in both cases 10" 11 . 

The symbol pH is used to denote the negative logarithm 
(to the base 10) of the hydrogen ion concentration, c.g., 
pH 7 for the distilled water of hydrogen ion concentration 
10" 7 » pH 2 for the 0*01 x-hydrocliloric acid of hydrogen ion 
concentration 10~ l ,andpH 32 for the 0-01 x-sodium hydroxide 
whose concentration of hydrogen ions is 10“ 12 . It forms 
n convenient means for designating the hydrogen ion 
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vestigators. Muscatello (1895) showed that carmine and 
various other inert particles, when injected into the perito- 
neal cavity, reached the anterior mediastinal lymph nodes 
very rapidly. Noetzel (1906) injected bacteria ( Bacillus 
pyocyaneus) into the knee joints of rabbits; from five to ten 
minutes later he was able to demonstrate the presence of the 
organisms in the inguinal, crural, and lumbar lymph glands. 
Buxton (1907) found that typhoid bacilli, within a few min- 
utes after their injection into the peritoneal cavity, appeared 
in great numbers in the blood stream. Wells and Johnstone 
(1907) showed that the absorption of bacteria from the 
peritoneal cavity takes place through lymphatic vessels. 
New and similar observations concerning normal lymphatic 
absorption have been reviewed in great detail by Drinker and 
Field (1933). 

Docs the inflammatory reaction retard the dissemination 
of microorganisms from the site of inflammation? The 
studies of Issayeff (1894) are interesting in this connection. 
He showed that the peritonitis induced by a variety of sterile 
irritants, such as foreign blood serum, bouillon, or normal 
salt solution, temporarily increases resistance to subsequent 
intraperitoneal injection of bacteria. Cobbett and Melsome 
(1898) found that a local inflammatory reaction, such as 
that following the injection of mustard oil, protects the skin 
of a rabbit's ear against attempts to induce erysipelas. 
Pawlowsky (1909) repeated the observations of Noetzel and 
demonstrated the presence of staphylococci in the blood and 
organs of guinea pigs from twenty-four to forty-eight hours 
after inoculation of the knee joint. If before inoculation an 
acute inflammation of the knee joint had been produced bj 
the injection of a sterile irritant such as turpentine, alcoho , 
or quinine solution, the dissemination of the microorganisms 
was either inhibited or wholly prevented. 

Rivers and Tillett (1925) confirmed these studies by find- 
ing that beef broth injected into the skin of rabbits protected 
against streptococci inoculated twenty-four hours later. ^ 
retardation was observed when the microorganisms were 
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thymol blue and is yellow or orange yellow to methyl red, 
its pH is probably in the neighbourhood of 6-0. For fuller 
discussion and instructions see : Britton (1942), & Clark 
(1928). A convenient comparator, complete with tubes of 
standard buffers with indicators, for the colorimetric deter- 
mination of pH is obtainable from Messrs. British Drug 
Houses and Messrs. Hopkins & Williams. The B.D.H. Capil- 
lator set is a useful instrument for pH measurements of very 
small, as well as large, quantities of liquid. 

SOLUTIONS 

The indicators mentioned above may conveniently be pur- 
chased in ready-made solutions. If it is desired to prepare 
them from the solid dyes, then 0-1 g, of thymol blue, brom- 
phenol blue, bromthymol blue or phenol red should be dis- 
solved in 20 ml. of warm alcohol and diluted to 100 ml. with 
water. Preparation of Topfer’s indicator is given on p. Ill, 
and of methyl orange, methyl red and phcnolphthalein on 
p. HI. 
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TABLE XII 


Presence or B. prodiokwcs in Retrosternal Lymph Nodes after 
Intraperitoneal Injection 


Experiment ^ 

Interval be- 
twee v Injection 
op Irritant 
and That or 
Bacteria 

Total Duration 

Inflammation 

Ncbber op Colonies 

Recovered from 
Retrosternal Ltmph 

After Injection | 
ol Bacteria into 
Inflamed Peri- 
toneal Cavity 

After Injection of 
Bacteria Into 
Normal Peri- 
toneal Cavity - 


hr3.:mm. 

hrs.:min. 



1 

4:10 

0 00 

0 

150 

2 

15-05 

21:10 

3 

47 

3 

15:30 

21:40 

2 

38 

4 

22-45 

25:45 

0 

Innumerable 

5 

20:18 

29.50 

39 

Innumerable 

6 I 

24.45 

40:10 

7 

Innumerable 


From Menkm, J. Ezp Mtd ,1931. 63. 647. 


normal peritoneal cavity was much larger than the number 
of colonies from the nodes draining a peritoneal cavity in- 
flamed by previous inoculation with an alcuronat suspen- 
sion. The acute peritoneal inflammation evidently prevents 
the rush of injected bacilli to the tributary lymph nodes. 


TABLE XIII 

Retention or B. prodigiosus at Site or Subcutaneous 
Inflammation Induced by Aleuronat 



Interval be- 
tween Injection 

Total Duration 

' Numb in or Colonies 

i Recovered 


and That or 
Bacteria 

Inflammation 

Inflamed 

Normal 

1 

hra mm. \ 
1 30 

hra.rmin. 

3-30 

175 

37 

2 I 

4.00 

6.00 

225 

175 

3* 

4-10 

6.00 

250 

125 

4 

26 00 

30.00 

115 


5 1 

26:18 1 

29 50 

50 



•The Bite of inflammation was located in the peritoneal canty, ae« Experiment 1, Table XII. 
for related data on retrosternal lymph nodes 


Experiments were set up to determine whether this failure 

of bacterial dissemination to the tributary lymph nodes was 

actually due to retention of the microorganisms at the site of 

inflammation. As can be seen from the results recorded in 
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irritant is effective only when the inflammatory reaction has 
been going on in the cavity for 48 to 72 hours. Local fixation 
of substances at the site of Inflammation, on the other hand, 
may be demonstrated within a relatively shorter time after 
the introduction of necrotizing inflammatory irritants (Men- 
kin, 1929). The writer demonstrated, for instance, that try- 
pan blue may be fixed as early as 30 minutes after the injec- 
tion of an irritant (Table XIV, Experiment 4). With mild 
irritants, however, such as hemolytic streptococcus, fixation 
may be delayed far as long as two days (Menkin, 1933). The 
increased resistance to intrapleural inoculation of strep- 
tococci found by Gay and his collaborators is possibly the 
resultant of several factors. It is difficult, on the basis of 
available evidence, to refer the enhanced resistance to a 
single factor. Menkin has shown, for instance, that lymphatic 
blockade is a significant factor in evaluating resistance 
(1936c) but, in the process of local disposal of an infecting 
pathogen, there are doubtless other elements concerned. 
These may include the cellular constituents of an exudate, the 
type and quantity of cells, as well as the rapidity of their 
appearance at the site of inflammation. 

Freund (1931) studied the capacity of young rabbits to fix 
bacteria at the site of inoculation. This investigator ob- 
served that, whereas pneumococci induce a severe inflam- 
mation at the site of inoculation in adult rabbits, young 
animals, on the other hand, fail to develop an appreciable 
local reaction. Concomitantly he found that death occurs in 
relatively few adult rabbits, but that young rabbits succumb 
with pronounced bacteremia. 

Menkin likewise studied the behavior of various foreign 
inert substances injected into an inflamed area by direct 
observation of the tributary lymphatic nodes and vesse s 
draining the area. Trypan blue, ferric chloride, colloi a 
iron, graphite particles, and a foreign protein were found o 
be readily retained at the site of an acute inflammation 
(1929, 3930, 1931b). Fixation of a dye could be demon- 
strated (as shown in Table XIV) within thirty mmu es 



SPECTROSCOPIC PROCEDURES 


117 


The following are characteristic : — 


Pigment 

ba d r 

Position on the spectrum. 

, (Wave-length In ) 

Reduced haemoglobin 

1 

565 

Oxyhaemoglobin 

2 


Carboxyhaemoglobin 

2 

535, 572 

Methaemoglobin 

4 

500, 540, 579, 030 

Alkaline methaemoglobin . 

2 


Sulphaemoglobin 

8 

540, 578, 018 

Haemochromagen 

2 


Acid hacmatin 

5 

505, 540, 580, 638, 650 
(in dilute 1IC1) 

Alkaline hcematin 

1 

007 

Acid porphyiin 

2 

554, COO 

Alkaline porphyrin . 

4 

504, 539, 570, 622 

Stcrcobilm (urobilin) . . 

1 

490 


450 m/i 500 550 600 700 


blue 

yellow 


Violet blue green 

yellow orange 

red 

green 

green 



METHODS 

Blood 

Blood is diluted 1 in 5, or 1 in 10, with water, and cell 
membranes centrifuged out or allowed to settle. The clear 
solution is examined in a glass cell or tube. It is important 
that the greatest possible depth or concentration of solution 
(consistent with visibility) should be examined, and that a 
careful search should be made (with varying depths or con- 
centrations of solution) for any bands in the red part of the 
spectrum (620-630 mu.). The bands due to met- or sulph- 
haemoglobin, present sometimes in blood from patients 
treated with drugs (e.g., sulphanilamide and its derivatives), 
are not always easy to detect. If such bands (at approx. 
620-630 mp) are seen, the solution should be treated with a 
drop of yellow ammonium sulphide. A band due to met- 
haemoglobin will then disappear; if sulphaemoglobin is 
present its band persists. For comparisons, laked blood may 
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aleuronat). This prompt reaction allows a definite interval of 
time for the leukocytes to assemble for phagocytosis. The 
initial fixation of bacteria or of other injurious substances at 
the site of inflammation thus becomes a protective mecha- 
nism and plays a definite r 61 e in immunity. 
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jectroscope, may be quantitatively measured by means of 
me Hartridge Reversion Spectroscope. In this instrument 
light from a source passes through a solution in such a way 
that two spectra are formed, one immediately above the 
other. 

The spectra are also reversed with respect to one another, 
and the position of one of them can be altered longitudinally 
by moving a micrometer screw. If a glass cell filled with 
a solution of oxyhaemoglobin is placed in the path of the 
light the corresponding lines (a) in the spectra may be made 
to coincide (fig. 7). If, now-, the cell is replaced by one 
containing some carboxyhaemoglobm, the bands will appear 
shifted with respect to one another (fig. 8). By adjusting 
the micrometer screw until coincidence is again obtained, 
the extent of the shift is measured and can be related to the 
percentage of carboxyhaemoglobm by reference to a graph, 
obtained as follows : — 

Blood is diluted with ammonia solution (<i ml. of cone, 
ammonia per litre in water). The dilution of blood (usually 
1 in 20) must be such that, with the cell used, the distance 
between the a and {1 haemoglobin bands is approximately 
equal to the width of one of them. The solution so formed is 
saturated with oxygen to give 100 per 
cent, oxyhaemoglobin and with coal gas 
to give 100 per cent, carboxyhaemo- 

globin solutions. The two cells A and ^ 

B are then placed face to face so that 
the light traverses them both. Cell A 

is first filled with 100 per cent. _1 ..... 

oxyhaemoglobin and B with ammonia A 5 

solution. A reading is taken at coinci- Fw. o. 

denec of the a haemoglobin bands. 

Cell A is now emptied and refilled with 100 per cent, 
carboxy haemoglobin solution and another reading taken, 
at coincidence. For 50 per cent, saturation of carboxy- 
lmcmoglobin, cell A is filled with n mixture of equal 
volumes of dilute ammonia and 100 per cent, carboxy- 
haemoglobin solution and cell B with a similar mixture of 
ammonia and 100 per cent, oxyhaemoglobin solution. For 



Fin. 32 The animal received 1G intravenous injections of fornc chloride 
solution The nnimal was hilled and the lunp placed in acidified potassium 
ferrocyamde. The Prussian blue reaction w limited to the caseous areas ot 
tubercles. About actual size (From Menhm nnd Menkin, J Exp Med., 1931, 
63, 91 D) 
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TESTS OF FUNCTION 

THE GLUCOSE TOLERANCE TEST 

The patient is fasted for 12 hours or longer. The “ fasting 
blood sugar” is estimated by the method described. Im- 
mediately after the blood has been taken, a solution of 50 g. 
of glucose in 250 ml. of water is given (for youthful subjects, 



Fig. 11. — Glucose Tolerance Tests. 

A »t B. Normal. 

C. Increased tolerance Addison'S disease). 

D. Decreased tolerance (Diabetes). 

the amount of glucose should be 1 g. per 3 lb. of body weight). 
Blood sugar estimations arc then made at 1, l£» and 2 
hourly intervals after the administration of the glucose. 
Samples of urine arc taken before the test and 2-4 times 
during its course. In normal persons, the blood-sugar will not 
generally rise above ICO mg. per 100 ml., and the urine will 
not give a positive test for sugar. The blood glucose level 
121 
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(1929) pointed out that bacteria, especially pneumococci, in 
the blood stream tended to localize readily in areas of cerebral 
softening. Burrows (1932) in a detailed monograph has ade- 
quately reviewed his observations as well as those of numer- 
ous investigators, on the localization in inflamed areas of bac- 
teria, viruses, dyes, proteins, and inorganic particles. Fox 
(1936) has recently called attention to the more rapid local- 
ization of a dye in a younger lesion. This point has been 
essentially confirmed and extended in studies on xylol-treated 
areas by Rigdon (Proc. Exp. Biol and Med., 1939, 42, 43). 

Reference has already been made to the retention at the 
site of an acutely inflamed area of various inert substances 
(e.g. dyes, iron, graphite, foreign proteins) as well as of bac- 
teria (Menkin, 1929, 1930, 1930a, 19316). Intravenous in- 
jection of these materials is accompanied by their accumu- 
lation and concentration in inflamed areas owing to their 
inability to escape readily through draining lymphatics 
(Menkin, 1929, 1937a). The capacity of dyes or of other 
foreign substances to accumulate from the circulating blood 
in an area of inflammation has been utilized, as pointed out 
previously (cf. Chapter 111), as a convenient method of de- 
tecting increased capillary permeability. The localization of 
trypan blue in inflamed areas has already been described in 
detail in an earlier section. 

It seemed conceivable, in view of these various studies, that 
the development of the inflammatory reaction might be al- 
tered by the accumulation of various materials from the blood 
stream and their subsequent fixation in an area of injury. 

The accumulation of iron injected into the circulating blood in 
inflamed areas. Since it had been found that iron was fixed 
in situ when injected directly into an inflamed area (cf. 
Chapter IX), studies were undertaken to determine whether, 
as in the case of trypan blue, the metal would accumulate in 
an inflamed area when introduced into the circulating blood 
stream. 

25 mg. of ferric chloride in saline were injected intrave- 
nously. The areas of inflammation were caused by sever a 
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EXPERIMENTAL PROCEDURE 

A solution of galactose (50 g. per 100 ml. of solution) is 
prepared and sterilized by filtration and steaming. 

Graded Doses of Galactose. The patient receives no break- 
fast. An amount of solution equivalent to 0 ■ 5 g. of galactose 
per kg. of body-weight — e.g., CO ml. of the 50 per cent, 
solution for a 60 kg. person — is injected intravenously from 
a 100 ml. syringe, the injection being given slowly over 
about five minutes. 

Standard Dose of Galactose. The injection of 50 ml. of a 
50 per cent, solution of galactose has given, with adults, 
results indistinguishable from those obtained with graded 
doses. This is a much more convenient amount to inject, 
because most hospital wards have 50 ml. syringes, whereas 
100 ml. syringes are usually special equipment. 

Samples of Wood. The first sample of blood is taken 
immediately after the administration of the galactose (5- 
minute sample), the second sample at \ hour, and further 
samples at 1, ll, and 2 hours. A sample taken before 
the galactose administration may be substituted for that at 
5 minutes. This resting sample is a useful check on the 
analytic method because it should contain no galactose. 

Analysis. The samples of blood (0-2 ml. of capillary 
blood) are washed into centrifuge tubes containing 2-2 mi. 
of isotonic sodium sulphate and 0'3 ml. of 10 per cent, sodium 
tungstate. The estimation is completed as described on p. 23. 

RESULTS 

The galactose values are plotted against time and for a 
normal person usually give a curve which begins about 
200 mg. of galactose per 100 ml. of blood, falls steeply during 
the first hour, and reaches a figure between 0 and 10 mg. 
per 100 ml. at the end of two hours. In most cases of 
obstructive jaundice the curve of blood galactose follows 
the same course, there being little or no galactose left in 
the blood at the end of two hours. In conditions of 
liver damage the level of galactose in the blood does not 
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TABLE XVI 

Amount* of Iron in Inflamed Areas on Animals that Received 
No Iron and of Animals Injected with Ferric Chloride 



Injected Animal* 1 

Nov injected Animals 

Normal Slim 
Areas 

Inflamed Skin I 
Arens 

Normal Skin 
Amu 

Inflamed Skis 
Area* 


| 0.3 

13 0 1 

8.4 

9.2 


| 12.5 

15.7 j 

8.4 

04 


1 7.7 

355 

50 

06 


16,0 

29.6 

10 9 

9.0 

•: j 8 . 

6.9 

10.G 

7.9 

11.2 

0 

0.7 

12.7 

9.2 

9.9 

Average 

! 10.4 1 

162 

84 

07 


* Figure? lire expressed in milligrams of iron per 100 grams of dry lissue 
From Menkin, J. I'zp. Aftd . 1030. SI. 87 0 


inflamed areas of an animal not injected with this metal is 
contained in a form which docs not give the Prussian blue 
reaction. This accounts for the negative reaction when the 
qualitative test is applied in these animals to inflamed areas 
of relatively short duration. 

These experiments suggest that fixation of a metal or dye 
in an inflamed area may have clinical application. It is pos- 
sible that one might find practical uses for a substance 
which, by accumulating from the blood stream would en- 
hance the roentgen appearance of various inflammatory le- 
sions. It is conceivable that dyes, iron-containing substances, 
and various other materials by their concentration at the 
site of inflammation may alter the character or course of the 
inflammatory reaction. 

The Accumulation of Iron in Tuberculous Areas 

In connection with the foregoing observations on the accu- 
mulation of iron in inflamed areas, experiments were set up 
to determine whether iron in the form of ferric chloride is 
capable of penetrating the tubercles of rabbits. It was t us 
demonstrated that repeated intravenous injections o is 
iron salt are followed by the deposition of the meta m 
tubercles of the lungs (Menkin, 19306; Menkin and Men 'in, 
1931). 
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TABLE XVII 

Summary or Studies on Effect of Ferric Chloride in 
Tuberculous Rabbits 


6inin 

IRuw» 

I Dobs or 

| Routt or 

lNOCCLA- 


|av»b Survival Ttattj 

Increased 

.Sea VITAL 

| Tiv* Exr. 
Aihkals 

[PCBLISBED 

Tcncncts 

1 Bacilli 

1 TioN or 
VincLsjfT 
Bacilli 

1 No or 
Rabbits 

Control 

Animats 

| Dip 
Animals 

l | 

1032 

mg. 

.001 

Intrav. 

IC | 

days 

01 

days 

109 

c- 

78 

2 , 

1933 

.001 

“ 

20 i 

W 

135 

44 

a* 

1030 | 

(appx.) , 
.01 1 

.< 

10 | 

&it 1 

133 

58 

4 

1934 , 

.05 

Subcut. 

10 1 

130 i 

240 

69 

51 , 

1034 , 

.05 

u 

10 

81 i 

103 

144 

Aver. I 





oo ! 

104 

82 


Scries fl (1033) 18 tuberculous rsbbiu sacrificed between 42th and 70th day of the disease. 
Eitent of tuberculous Involvement In Junes of experimental animals considerably lrsa than in 
„ ■ a the disease. 

. , , retardation 


longation of survival time in five independent series of ex- 
periments, each of which was essentially confirmatory of the 
preceding one, was 82 per cent. 

The combined form of treatment, consisting of preliminary 
vaccination followed by ferric chloride treatment, enhanced 
the effect of the iron salt. This is illustrated in series 5 of 
Table XVII showing an increased survival time of 144 per 
cent. This was attained by prcliminar}- vaccination with a 
Cernay strain of bacilli obtained from the Pasteur Institute. 
Vaccination with the bacillus Calmette-Guerin (B.C.G.) 
likewise enhanced the chemotherapeutic effect of feme 
chloride. In this particular scries the reinfecting dose of ba- 
cilli (Ravenel bovine strain) was 10 times greater (.01 mg.) 
than that employed in previous sets of intravenously infected 
rabbits. The purpose of this was to determine whether tfie 
favorable effect of ferric chloride on the experimental disease 
would still be appreciable with massive infection, o & v01 
hemolysis, the iron chloride solution was rendere iso oni 
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urine is above 2 ml. per minute) is usually about 40 per cent, 
greater than the “ standard ” clearance (flow of urine less 
than 2 ml. per minute). The average normal values are as 
follows : — 

For the “ maximum clearance ” an average of 75 ml. 
of blood per minute with variations from C4 to 99 ml., 
and for the “ standard clearance ” an average of 54 ml. 
with variation from 40 to 08 ml. 

Nephritic patients with diminishing renal efficiency show 
a decreased ” clearance ” (down to about 40 per cent.) before 
the blood urea and the blood creatinine begin to rise ; on the 
other hand, the maximum specific gravity of the urine is often 
diminished before the urea clearance test gives abnormal 
results. When the clearance falls to 5 per cent, the symptoms 
of uraemia usually appear. 

METHOD 

The patient is given no breakfast and nothing to drink 
in the early morning other than water if desired. 

The test is carried out in the forenoon ns follows : — 

0 hours : Empty bladder 

Give 15 grams urea in 500 ml. water, if 
the blood urea is not raised. (If 


blood urea is known to be raised, or 
likely to be raised, give 500 ml. water 
only.) * No. 

\ hour ; Take blood for urea estimation . . Blood 1 

1 hour : Empty bladder | — send complete 

specimen to laboratory . , . Urine 1 

hours : Take blood for urea estimation . . Blood 2 

2 hours: Empty bladder f — send complete 

specimen to laboratory . . . Urine 2 


rn 16 p3lie «V 8 H°° d u r ea . sll0,1, 4 usually be dcteminMl a day or two before 



132 


dynamics of 


INFLAMMATION 



1™;^°““^ 01 tube ™ u, ? us involvement it scant in comparison with the ev- 

of cs,ons m the c °” tr ° is ' <From Me n ki ", j - e ‘p- -’ m . 



GASTRIC TEST MEAL 


181 


usually by injection of a small amount of histamine. This 
may be called ** the pharmacological stimulus,” 

Histamine Test 

Histamine has definite advantages over the ordinary test 
meal. It evokes a maximum response, and often produces 
acid secretion where the ordinary test meals fail completely. 
It is independent of the psychic factors involved in the taking 
of any ordinary meal. It adds nothing to the stomach so that 
a pure juice, undiluted and uncontaminated, is obtained ; 
and no neutralization of the acid can take place through 
food constituents. 

The Combined Alcohol and Histamine Tests 

Alcohol as a physiological stimulant has several advan- 
tages over gruel, charcoal biscuit or dry toast. It is much 
less objectionable to take, is easily swallowed, and evokes a 
feeling of pleasure instead of distaste on the part of the 
subject. 

The gastric juice obtained is ideal for analysis. It is thin 
and easily pipetted. No suspended food material obscures 
the colour aud renders it turbid. The presence of bile, 
mucus, and altered blood are much easier to detect, and the 
end-points in the titration are sharper and better defined. 

Alcohol seems to cause a more ready response of gastric 
secretion than the other test meals. The curve of acidity 
rises more sharply. There is not the preliminary drop 
following the resting specimen which is observed in most 
fractional test meals, and is probably due to the neutraliza- 
tion of the first juice secreted, by the food stuff administered. 
Alcohol does not neutralize any of the acid. It is a neutral 
substance and only dilutes the juice. Further, a sufficient 
amount can be given in much less volume so that the dilution 
factor is small. Instead of a pint of gruel, only 50 ml. of 
aqueous alcohol are usually given. 

The response to alcohol is much more quickly over — partly 
because it does not remain so long in the stomach. The 
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TABLE XIX 

in Organs op Tuberculous Rabbits Injected with Ferric Chloride 
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Duodenal ulcer ; resting juice 
normal : marked response 
to stimuli in free and total 
HCI; slow emptying {plateau 
type) ; bile present, no blood. 



HCI ; low total no starch j 
mucus and small amount 
of bile present. 



Duodenal ulcer ; free and 
total HCI rather high ; no 
mucus, bile or blood. 



Apparent achlorhydria (gas- 
tric ulcer) ; little mucus and 
bile ; no blood. 


Fig. IS, 
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or lung tissue of experimental animals when compared with 
those of control rabbits. 

M. A. Kadish and the writer studied the quantitative dis- 
tribution of iron in various tissues of ferric-chloride-injected 
tuberculous rabbits and of non-treated tuberculous rabbits. 
The amount of iron recovered in liver, spleen, bone marrow, 
lung, and kidney was compared with the extent of tuber- 
culosis found at necropsy in these various organs. The data 
are summarized in Tables XVIII and XIX. 

The results fail to show an absolute parallelism between 
the amount of iron and the degree of tuberculosis. There are, 
however, several suggestive correlative features. The liver, 
spleen, and bone marrow reveal at autopsy practically no 
tuberculous involvement. This, especially in view' of the 
studies of Lurie (192S, 1929), is not unexpected in tuberculous 
rabbits. These three organs contain large amounts of iron. 
On the other hand, both lungs and kidneys reveal extensive 
tuberculosis. Their iron content is, curiously enough, rela- 
tively low (Table XVIII). The repeated intravenous in- 
jections of ferric chloride induce a marked rise of over 100 
per cent in the iron of the liver, bone marrow', and lungs. 
The extent of pulmonary involvement in the experimental 
animals seems somewhat less prominent than in the control 
group (cf. Table XVIII w'ith Table XIX). And yet, al- 
though the iron level in the lungs of the experimental rabbits 
became doubled, i.e. reaching an average level of about GO mg. 
per 100 grams of dried tissue, tuberculous lesions remained 
conspicuous. In the liver of control animals, on the other 
hand, the average iron content was found to be 74 mg. per 100 
grams of dried tissue. The iron content of the lungs in the 
experimental group is therefore approximately of the same 
magnitude as that of the liver in the controls. Nevertheless, 
the high incidence of tuberculous lesions in the former is in 
striking contrast with their absence in the latter. In brief, 
these facts definitely indicate that derangement of iron me- 
tabolism is most likely not the sole factor conditioning the 
proliferation or destruction of tubercle bacilli in tissue. It is 
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less than 20 ml, Suppose, for example, it is 18-45 ml.; 
then every 18*45 mi. of the add is equivalent to 20 ml. of 
x-acid. That is, 18*45 ml. of acid must be diluted with 
water to 20 ml., to give x-acid. An appropriate dilution 
of part or all of the remaining approximately x-acid is 
now made. 

The mixed solution should be exactly x, and may be again 
tested against sodium carbonate to confirm this. 


NORMAL SODIUM HYDROXIDE 

Sodium hydroxide (NaOH = 40) contains in 40 g. of sub- 
stance an amount of sodium (23 g.) which is equivalent to 
1 g. of hydrogen. This " equivalence " of sodium to hydrogen 
is best understood by reference to the equation — 

HCl + NaOH = NaCl + H 2 0. 

Approximately 41 g. of the solid arc weighed out as 
quickly an possible, and put into 50 ml. of water in a litre 
flask. When cold, the solution is mixed and made to 
volume. This approximately x-solution is standardized 
against pure oxalic acid. 

COOH COONa 

SNaOH -f i — * | + 2H z O 

COOH COONa 

00 

Hence, 2 litres of x -sodium hydroxide ore equivalent to 
f)0 g. of anhydrous oxalic acid, or 90 +80 =120 g. of 
COOH 

oxalic acid crystals, j ,2H»0 
COOH 

Thus, 

1*26 g. of oxalic acid crystals 

s 20 ml. of x-sodium hydroxide. 
Therefore about 1-2 g. of oxalic acid are accurately weighed 
out, washed into a flask, and the solution titrated with the 
approximately x -sodium hydroxide, with methyl red 
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solution in concentration of 0.0G25 per cent. No untoward 
systemic deleterious effects attributable to the iron have ever 
been observed in any of these patients. In the opinion of the 
writer, rigidly controlled and cautiously carried out investi- 
gations on early or only moderately advanced cases of human 
pulmonary tuberculosis should be undertaken in order to 
determine whether or not this iron salt will yield favorable 
effects similar to those found on tuberculous rabbits. It is 
believed that the present facts warrant such an investiga- 
tion. 

The Accumulation of Bacteria at the Site of 
Inflammation 

Experiments were undertaken to determine whether bac- 
teria, that are fixed in situ when injected directly into an 
inflamed area, would accumulate rapidly at the site of in- 
flammation when injected into the blood stream (Menkin, 
19316). 

Two or three areas of inflammation were induced by the 
injection of 0.5 cc. concentrated broth into the skin of the 
abdomen of rabbits. After a short interval of time 3 to 7 cc. 
of saline suspension of either B. prodigiosus or, in two experi- 
ments (Nos. 5 and G, Table XX), B. pyocyaneus was injected 
intravenously. After several hours the animal was killed 
with ether. The skin of the abdomen was treated first with 
95 per cent, then with 70 per cent alcohol, and finally with 
sterile distilled water. Inflamed and normal skin areas were 
removed and weighed separately in sterile petri dishes. An 
extract of each area was made by grinding it in a mortar with 
a volume of saline equal to twice its weight in grams. Agar 
tubes were inoculated with these extracts. The viable bacilli 
were evaluated by counting the individual colonies. 

The numbers of colonies recovered from inflamed and nor- 
mal areas are shown in Table XX. It is clear that the num- 
ber of intravenously injected bacteria accumulating at the 
site of inflammation is distinctly greater than in normal skin 
areas. These observations are in agreement with results 
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blood stream in the inflamed tuberculous lesion and, by its 
presence there, induce an enhanced local inflammatory re- 
action (Menkin, 1930a). 

Sanarelli (1924) described the reaction which occurs when 
a preliminary intravenous injection of cholera vibrio is 
followed 24 hours later by an intravenous injection of a fil- 
trate of colon bacilli. The animals (guinea pig or rabbit) 
succumb revealing at post-mortem examination an acute 
hemorrhagic inflammation of the gastro-intestinal tract, ex- 
treme congestion of the visceral organs, and an acute inflam- 
mation of the kidneys. Shwartzman (1928) described a 
similar cutaneous phenomenon with bacterial filtrates. This 
investigator injected the filtrate of B. typhosus into the skin 
of a rabbit. Twenty-four hours later when the same filtrate 
or a filtrate of a non-rclated organism, such as the meningo- 
coccus, is introduced into the circulating blood, hemorrhagic 
necrosis frequently appears at the site of the cutaneous in- 
jection. Hanger (1928) obtained essentially similar results 
with filtrates of B. lepisepticum. Menkin (1931), on the basis 
of his studies on the localization from the blood stream of 
foreign proteins at the site of an acute inflammation, sug- 
gested that the intense cutaneous reaction following the 
intravenous injection of a bacterial filtrate may be in part 
the result of a concentration of this substance in an area of 
the skin already inflamed. The reaction does not have to take 
place with all bacterial filtrates or with all inflammatory 
irritants. The extent of induced local vascular thrombosis, 
the degree of permeability of the capillaries, and the optimum 
of the synergistic action of two irritating substances on one 
another when administered by two different routes may 
modify the morphological appearance of the final reaction. 
Such an interpretation of the phenomenon as an enhanced 
non-specific inflammatory reaction has been in large measure 
supported by the studies of Debonera, Tzortzakis, and Fal- 
chetti (1932), Freund and Smith (1934), Sickles (1931), 
ICarsner and Moritz (1034), Freund (1934), and more recently 
by Moritz (1937). Bordet (1939) classifies the Sanarelli- 
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(millimeters of solution) will be 
of two different solutions of 
the same coloured substance 
should be in inverse ratio to 
the strengths of the solutions. 
Generally speaking, absorption 
will be found to be maximum 
for red solutions in the green 
or blue-green, and conversely, 
green solutions will show maxi- 
mum absorption in the red. 
Blue and violet solutions are 
maximally absorbing in the 
yellow, orange, and red ; and 
yellow and orange solutions in 
the blue and violet. 

The grey screen of an ap- 
propriate density, together with 
the light filter showing maxi- 
mum absorption, may be used 
as a permanent standard for 
any colorimetric method. It 
should be calibrated against 
the coloured solution of known 
strength • — • the tl standard " ; 
and the general equation for 
calculating the result for an 
unknown solution— the M test ” 
— then becomes: — 

Read, of ttavjari against grey screen 

Head, of test against grey screen 
X Cone, of standard » Cone, of test. 

The colour of any solution 
may also be expressed as its 
“ extinction coefficient,” (E). 
The calculation is as follows : 


minimum ; and the depths 


Z-+$0Dm/< 600 70 0 



chloride solution {strong urea 
standard) ; neutral screen, 
density 0-75. lied solution! 
bilmibm standard, 0-1 mg, tti 
23 mb {llaskirood and King, 
1021 ) ; neutral screen, density 
O' 50. Blue solution : uric 
arid standard ; neutral screen, 
density 0-50, 


Density of grey screen (r,g,, 0-50) 
Heading of solution against grey screen (in cm.) 





146 


DYNAMICS OF INFLAMMATION 


examination (Menkin, 1933, 1935). An increase in the func- 
tional filtration through the capillary endothelium, as indi- 
cated not necessarily by morphological evidence, but rather 
by the ability of foreign materials or bacteria from the blood 
stream to accumulate in the prepared area, would perhaps 
explain the Sanarelli-Shwortzman phenomenon as a peculiar 
manifestation of a non-specific inflammatory reaction in- 
duced by the superimposition of an irritant that concen- 
trates from the circulating blood in a previously inflamed 
area. In this connection it is, however, to be noted that 
Bordet (1936) was unable to detect any accumulation of try- 
pan blue in the prepared skin area when he substituted an 
intravenous injection of the dye for the filtrate on the day 
following the cutaneous inoculation. On the other hand, 
Moritz (1937) reported that when a local state of hypersus- 
ceptibility was elicited by the subcutaneous injection of 
B. aerlrycke filtrate, the subsequent intravenous injection of 
living B. aertrycke led at the prepared site to the development 
of a hemorrhagic necrosing inflammation in which the bac- 
teria localized. 

Summon/. Injury to tissue may determine the localization 
of foreign substances, bacteria, or ultrafilterable organisms 
present in the circulating blood. 

Ferric chloride in dilute concentration, injected into the 
circulating blood of rabbits, rapidly accumulates in areas of 
acute inflammation. It is to be recalled that the direct in- 
troduction of this salt into an acutely inflamed area is fol- 
lowed by retention of the metal in situ, thus preventing it 
from reaching the tributary lymphatic vessels and nodes as 
readily as under normal circumstances. 

Repeated intravenous injections of ferric chloride in tuber- 
culous rabbits are followed by an accumulation of iron in 
tubercles. The localization is particularly conspicuous within 
the foci in the lungs. There is a corresponding rise in the iron 
level of the lung tissue of over 100 per cent. Repeated injec- 
tions of ferric chloride also induce a marked augmentation 
of the ferruginous content of the liver, spleen, and bone 
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measurement, and the elimination of eye fatigue and personal 
error. 

CONSTRUCTION 

The construction and assembly of the instrument are 
illustrated in fig. 15. An ordinary surgical head-lamp fur- 
nishes the source of light (E). The bulb is activated from 
an accumulator or constant voltage transformer. A steady, 
non-fluctuating light is obtained. Immediately in front 
of the lamp is mounted a block of wood (well-seasoned teak 
or oak 3X3X2 in.) which has been bored vertically to 
fit a f-in. test-tube (A) and a \ X 2-in. metal bolt (B) 
whose nut is countersunk in the block. The bolt, which 
should fit its hole tightly, is used to vary the size of the 
slot through which the light passes. The slot is made by 
boring a $-in. hole from front to back, (passing through the 
vertical holes) and then sawing up from the bottom of the 
block to make the slot \ in. wide by in. high. At the 
front of the block a groove is made 1 in. wide and f in. deep 
to carry a light filter (D). A similar groove f in. wide is 
made at the back of the block to fit the photoelectric cell (C). 
The block is mounted on a base board of wood, and the f-in. 
hole is extended £ in. into this so that the end of the test- 
tube drops below the bottom of the slot. 

The photoelectric cell is of the selenium type, 22 x 40 mm. 
The “ EEL ” clectroselenium cell supplied by Messrs. Evans 
of Bishop’s Stortford has proved satisfactory. A copper wire 
is fitted on the surface of the rear groove in suitable position 
to make contact with the exposed strip of selenium which lies 
near the edges of the front surface of the cell. The wire is con- 
nected to an ordinary electric terminal screwed into the back 
of the block. A lead from this front-surface terminal connects 
with the negative pole of the galvanometer. A second terminal 
carries a spring clip which holds the photoelectric cell in place 
and makes contact with its back surface. The back-surface 
terminal is connected to the positive pole of the galvanometer. 

Light filters of glass have been used. The Chance red 
(OR 2), green (OGr 1), and blue-green (OB 2) glass filters have 
been found suitable for most purposes. Alternatively, Ilford 



CHAPTER XI 

ALLERGIC AND ANAPHYLACTIC INFLAMMATION 

Specific inflammation in the immune animal is the altered 
type of reaction induced by reinfection with either homolo- 
gous bacteria or protein. For the sake of convenience, three 
types of response will be considered: 1) the allergic inflamma- 
tion as exemplified in tuberculosis, 2) the fixation of pyogenic 
bacteria in immune animals, and 3) the anaphylactic inflam- 
mation as characterized particularly by the so-called Arthus 
phenomenon (local anaphylaxis). 

Allergy and Immunity in Tuberculosis 
Koch (1891) discovered an important principle in regard 
to the mechanism of immunity in tuberculosis when he de- 
scribed the reaction that takes place when a tuberculous 
guinea pig is reinoculated with either Jiving or dead tubercle 
bacilli. This reaction to reinfection is termed the Koch 
phenomenon. In brief, Koch found that within ten to four- 
teen days after a healthy guinea pig is inoculated with a pure 
culture of tubercle bacilli, a hard nodule appears at the site of 
inoculation; this nodule ultimately breaks down and ulcer- 
ates. At the same time the tributary Ij r mph node becomes en- 
larged and caseous. An entirely different picture develops 
when a tuberculous guinea pig is reinoculated four to six 
weeks following the primary infection. An acute inflam- 
matory reaction occurs within a few hours at the point of 
reinjection without involving to any significant extent the 
satellite lymph nodes. Pirquet (1906) proposed the term 
“allergy” for the altered response of tuberculous tissue to re- 
infection. The tuberculin reaction, which may be regarded 
as a manifestation of the Koch phenomenon induced^ by 
tuberculo-protein, is histologically an acute inflammation. 
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100 will correspond to percentages of light transmission 
which are less than 100 per cent, of the incident light. They 
can be thought of as different degrees of extinction of the 
incident light. The extinction E or “ optical density ” is 
defined as the logarithm of the ratio of incident to trans- 
mitted light — 

i.e., E = log. (100/% transmitted light). 

If two solutions of different optical density are interposed 
in the light path, then their extinctions E will be in the same 
relation one to the other as their concentrations of pigment 
— i.e., Ej/E 2 s= CJC z . This simple photometric expression 
of Beer’s law defines the condition to be aimed at with a 
photoelectric colorimeter. To simplify the reading of E, 
and hence to simplify the calculation, the logarithmic scale 
is used on the galvanometer. It is arrived at in the following 
way. If, for instance, a coloured solution transmits only 
SO per cent, of the incident light — i.e., gives a reading of 50 on 
the linear scale — then its extinction E = log. 100/50 =0-301. 
The point opposite 50 on the linear scale is marked 0*301 on 
the logarithmic scale. Similarly, 100 on the linear scale is 
0 on the logarithmic, 10 on the linear is 1 (log. 100/10 = 1) 
on the logarithmic, and so on. For convenience, the values 
of E, which comprise the logarithmic scale, are multiplied by 
100, and are plotted as whole numbers. The extinction E 
of a coloured solution is spoken of as the “ extinction co- 
efficient ” when it is determined at, or reduced to, a solution 
depth of unity— i.e., 1 cm. 

OPERATION OF THE INSTRUMENT 

The galvanometer is levelled, the suspension is released 
and the 11 spot ** or pointer adjusted to the ao mark at the 
left of the logarithmic scale (0 on the linear scale) by turning 
the suspension knob. The light is now switched on. The 
holt is turned up or down to regulate the amount of light 
reaching the photoelectric cell, until the needle is at 0. It 
should remain at this point and will do so after the first few 
minutes if the electric supply is taken from a properly charged 
accumulator or adequate transformer. 
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might be interpreted on the basis of the well-established fact 
that there occurs a much greater destruction of tubercle 
bacilli in immune animals than in normal ones.” As pointed 
out by the writer (1931), an interpretation of this sort is 
difficult to accept in view of the facts obtained. Willis 
(1925) demonstrated that the regional lymph nodes in im- 
mune animals were infected at the end of two weeks after 
cutaneous inoculation. If the apparent retardation of bacilli 
at the site of inoculation was primarily due to their destruc- 
tion in situ, their appearance after a latent period of two 
weeks in the regional lymph nodes would be difficult to ex- 
plain. Furthermore, Menkin (19316) showed that an acute 
inflammatory reaction caused by a non-specific irritant pre- 
vented for at least several hours the dissemination of B. pro - 
digiosus to the tributary lymph nodes. A distinctly larger 
number of microorganisms was recovered from the site of 
inflammation than from the corresponding normal control 
area. These experiments proved that an acute inflammation 
per se retards the dissemination of bacteria into the regional 
lymphatics. Rich and McKee (1934), in a discussion of some 
of these results, readily agreed that an acute inflammation is 
of assistance in preventing the dissemination of bacteria. 
However, they correctly pointed out that this phenomenon 
is only exhibited when the inflammatory reaction has at- 
tained sufficient intensity to induce a walling-off of the 
affected area. In other words, on the basis of Rich’s view, the 
observations of Issayeff (1894) and of many other investi- 
gators, including the writer, fail to explain the immediate 
immobilization which takes place upon reinoculation of an 
immune animal. The studies of Menkin (1933) on bacterial 
invasiveness (see Chapter XIII), however, demonstrate 
that the rapidity with which an area of acute inflammation 
becomes walled off so that foreign substances fail to sprea 
readily from it is a function of the irritant. He observed t ft 
strong irritants, as Staphylococcus aureus or aleuronat, pro- 
duce a prompt fixation which may occur as early as t u y 
minutes to one hour after the introduction of the irn an • 
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Table 8.— ADAPTATIONS OF MICRO-CHEMICAL METHODS FOR 
USE WITH THE PHOTOELECTRIC COLORIMETER 


Substance 

Changes necessary 

Light filter 

Urea 

Use a blank of 7 ml. H,0 -f- 1 ml. 
Kessler’s for 0 adjustment of 
galvanometer 

Chance OB. 2 or 
Ilford minus red. 

Uric Acid « 

Dilute tests and standard to 5 ml. 
with water (very high ones to 10) 

Chance OR. 2 red, 
or Ilford tri- 
colour red. 

Creatinine . 

Dilute tests and standard to 5 ml. 
with water. Use a blank con- 
sisting of water + 05 ml. of 
alkaline picrate 

Chance OB. 2 or 
Ilford minus red. 

Phosphate 

No change 

Chance OR. 2 red, 
or Ilford tri- 
colour red. 

Cholesterol 

No change 

Chance OR. 2 red 
or Ilford tri- 
colour red. 

Glucose . 

Colorimetric method. Dilute with 
water to 10 ml., or 15 or 20 ml. 
for very high sugars. Use a 
blank for 0 adjustment 

Chance OR. 2 or 
Ilford tricolour 


red. 

Sulphonamides 

Proteins and 

No change 

Chance OGr. 1 
green or Ilford 
tricolour green. 

N.P.N. 

Use a blank consisting of 0 2 ml. 
50 % IIjSO,, 5 ml. water and 

3 ml. Nessler’s 

Chance OB. 2 or 
Ilford minus red. 

Bilirubin . 

Use 7 ml. of 85 % alcohol instead 
of 3 ml. abs. alcohol. This gives 
final vol. of 8 ml. instead of 4 ml. 
and standard is now equal to 
3-2 mg. bilirubin per 100 ml. 

Chance OGr. 1 
green or Ilford 
tricolour green. 

Sodium , 

1 ml. of coloured solution diluted 
to 10 ml. with 0 5 % acetic 
acid 

Chance OB. 2 or 
Ilford minus red. 

Phosphatase 

Dilute to 10 ml. with water. (High 
phosphatase further diluted) 

Chance OR. 2 red. 
or Ilford tri- 
colour red. 

Potassium 

No change 

Chance OR. 2 red 
or Ilford tri- 
colour red. 

Haemoglobin . 

All methods described 

Chance OGr. 1 
green or Ilford 
tricolour green. 
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a subsequent section (Chapter XIII). He pointed out at the 
time that doubtless some, but not all of the microorganisms 
disseminate at once from the site of any tissue inoculation 
(cf. Fig. 34). In a non-specific inflammatory reaction there is 
nothing to restrict the dissemination of some of the bacteria 
immediately after their inoculation and prior to the develop- 
ment of lymphatic blockade. The studies of Menkin (1929), of 
Hudack and MeMaster (1932), and of Lurie (193G) indicated 
that there seems to be an increase or at least an unimpeded 
lymphatic drainage in the very initial stage of an acute inflam- 
mation. At the same time, it is clear that the rapidity and in- 
tensity with which the inflammato^ reaction develops will de- 
termine the ultimate number of microorganisms capable of 
penetrating to the circulating blood stream. There is, there- 
fore, little doubt that without the developing allergic inflam- 
mation in tuberculosis the spread of the reinfecting bacilli 
would be unobstructed. The number of bacilli disseminating 
in the earlier stage of reinfection prior to the development of 
a sufficiently intense allergic inflammation are probably few, 
and therefore can be disposed of adequately in the tributary 
lymph nodes, i.e. provided their virulence is not too great. 

Lurie (1939) in a recent study on the role of extracellular 
factors in the mechanism of immunity in tuberculosis has 
further substantiated this point of view. He has demon- 
strated that in the reinfected guinea pig the lymphatics ad- 
joining the site of reinfection become thrombosed, whereas 
in the rabbit whose tissues are less injured by the bacilli the 
lymphatics remain unoccluded. In the guinea pig, moreover, 
in contrast to the rabbit, the fibrinous network in the in- 
flamed area forms a closely knit, sieve-like structure. These 
findings essentially confirm the earlier observations of the 
writer (1931a) on the mechanism of fixation. This question 
will be considered in greater detail in a subsequent chapter. 
Suffice it to say that Lurie's observations add further support 
to the view that the allergic inflammation in tuberculosis 
doubtless plays a significant role in preventing the dissenu 
nation of the bacilli of reinfection. 
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ignored. This interpretation is considered by Follis not to be 
a valid one (1938). It is conceivable that the experimental 
elimination of hypersensitiveness does not preclude the pos- 
sible importance of allergic manifestations when all the other 
factors concerned in the mechanism of immunity are evalu- 
ated. At present we are unfortunately still ignorant as to 
whether or not other compensatory factors are brought into 
play to promote resistance during the process of desensi- 
tization. 

In general it may be said that the extensive studies of Rich 
and of his collaborators have thrown some doubt on the 
widely accepted view that allergy is the essential mechanism 
of immunity in tuberculosis (Krause and Willis, 1924; 
Zinsser, H., Ward, H. K., and Jennings, F. B., Jr., 1925). 
The basic observations of Lurie have indicated that immu- 
nity in tuberculosis is a “function of the increased capacity of 
the mononuclear phagocytes to digest tubercle bacilli” 
(1933, 1936). In a more recent study, Lurie (1939a) has 
succeeded in demonstrating that mononuclears derived fiom 
tuberculous animals exhibit greater in vitro phagocytic abil- 
ity for tubercle bacilli than mononuclears obtained from 
normal rabbits or guinea pigs. This enhancement in phago- 
cytic capacity on the part of cells from vaccinated animals is 
doubtless of great significance in an understanding of the 
mechanism of immunity in tuberculosis. The earlier work of 
this investigator has furthermore suggested the presence of 
an additional differential local organ immunity. In the 
spleen, liver, and bone marrow of an infected rabbit, tubercle 
bacilli are destroyed more rapidly than in the lungs and kid- 
neys (Lurie, 1928). In the allergic animal these same dif- 
ferences are essentially maintained, producing merely an 
enhanced destruction of the reinfecting bacilli (Lurie, 1929). 
The studies of Lurie support the view that besides allergy 
there are other factors involved in the mechanism of rm 
munity in tuberculosis. Genetic factors and racial 1 - 
ferences in the human disease are probably additions un 
portant elements (Opie, McPhedran, and Putnam, > 
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trations. The following mixtures of gelatin and fotmazin- 
gelatin suspension are made in small tubes of uniform 
bore (7*5 by 1 cm.) 


Table 9 


Tub* 

nil of gftatln 

ml of 

geUtln-fomarin 

Value In ternu of 
albumin per ICO ml 

i 

3-6 

0-4 

10 

2 

3*2 

0 8 

20 

3 

2 8 

1-2 

30 

4 

2i 

1-6 

40 

5 

2 0 

2-0 

SO 

e> 

\*0 

2-4 

00 

7 

1 2 

2 8 

70 

8 

0 8 

3 2 

80 

!> 

0 -4 

3 r. 

90 

10 

0 

40 

100 


When cold, the tubes are stoppered with corks cut level 
with the top of the tube. The stoppered ends are then 
-„^dipped in molten paraffin wax and allowed to cool. The 
standards may be checked against serum solutions stan- 
dardized by nitrogen determinations. They should be 
mounted in a wooden rack painted black. Comparison is 
best made by viewing them against a strip of white cardboard 
with a transverse black line fastened to the rack. 

Arrangements have been made with Messrs. Gallenkamp 
and Co., London, to manufacture these standards. Sample 
sets have been checked against those prepared in this labora- 
tory and against albumin solutions of known strength. 

COLORIMETRIC STANDARDS FOR EMERGENCY 
ESTIMATIONS OF CERTAIN CONSTITUENTS 
OF BLOOD AND C.S.F. 

The determination of urea in. blood is most easily carried 
out by conversion of the urea into ammonia by urease, 
followed by direct Ncsslerization ; that of non-protein 
nitrogen (N.P.N.) and plasma proteins by suitable digestion 
with sulphuric acid, whereby the whole of the contained 
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the inflammatory reaction play a definite rdle in the mecha- 
nism of immunity by retarding the dissemination of bacteria? 
The various types of evidence already cited as well as others 
to be discussed later, confirm the viewpoint that an acute 
inflammation, either of specific origin or caused by a non- 
specific irritant, definitely delays the spread of injurious sub- 
stances from the site of inflammation. The principle of the 
Koch phenomenon applied to human tuberculosis is probably 
still the best available explanation to distinguish adult from 
childhood tuberculosis. The various studies of ICtiss, Ghon, 
and Opie indicate, in the words of the latter (1936) that: 
“The peculiar characteristics of adult or reinfection type of 
pulmonary tuberculosis arc referable to allergy induced by a 
first infection.” The recent experimental work of Freund 
and Angevine (1938) essentially confirms the earlier work of 
Willis (1925) on the failure of tubercle bacilli to disseminate 
freely from the skin of immunized animals. The retardation 
was found to be due to local fixation and not to destruction 
of the bacilli. The available facts therefore strongly suggest 
that the allergic inflammation is quite likely one factor 
among several others which is involved in the manifestation 
of immunity in tuberculosis. Its importance lies in the tend- 
ency of the acute inflammation of hypersensitiveness to re- 
strain the free penetration of reinfecting bacilli. Unfortu- 
nately, at present there seems to be no available method of 
evaluating in a quantitative manner the relative significance 
of each of the various factors involved in the mechanism of 
immunity in tuberculosis (Menkin, 1938). 

Fixation of Pyogenic Bacteria in Immune Animals 

Wadsworth (1904) injected virulent pneumococci into the 
trachea of normal animals and thereby caused a fatal bac- 
teremia which in some cases was associated with broncho- 
pneumonia. When immunized animals were treated in t ® 
same manner, there was a diffuse exudation comparable vi 
lobar pneumonia, but no invasion of the blood stream. Ueci 
and Blake (1920) also found that the incidence of invasion oi 
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TABLE 10— COMPOSITION OF PERMANENT STANDARDS 


Standard value 
(N equivalent) mg. 

ruL of Ferric Chloride 
Solution* 

ml of Cobalt 
Chloride Solution • 

0 I x-KCT 

0-015 

l-l 

0-15 


0-02 

1-4 

0 27 


0-025 

1-75 

0 40 


003 

21 

Q - 55 


0 035 

2’4 

0-68 


0-04 

2-75 

o-so 

0 1 v-IICl added 

0 045 

31 

0-03 1 

> to make the 

0-05 

3-4 

1-03 » 

volume 8 ml. 

0 055 

3-75 

1-18 ; 


0-00 

4 1 

1-80 1 


0-07 

4-7 

1-55 ’ 


0-08 

5-4 

1 80 


000 

50 

2-10 



* Ferric chloride solution: 10 per cent, (w./v.) Fed,. 011,0 in 0 1 n- 
hydrochloric acid — i.e., 10 g. of the salt dissolved m enough 0 1 N-hydro- 
chloric acid to make a final volume of 100 ml. Cobalt chloride solution : 
10 per cent, (w./v.) CoClj.6H,0 in 0*1 n-hydrochloric acid. 

values ate spaced more closely in order to allow of more 
accurate estimation of plasma proteins. For total proteins 
the increments of 0-005 mg. N correspond to 0-78 per cent, 
protein. By careful matching intermediate values can be 
assigned, and it should hence be possible to gauge the con- 
centration of protein to within 0-4 per cent. On the same 
basis it should be possible to measure fibrin to within 0 • 02 
per cent, and albumin to within 0-2 per cent. Since globulin 
is estimated by the difference between total protein and 
albumin the error may be additive, and at the most should 
be 0 >G per cent. For C.S.F. protein, the increments of 0*005 
mg. N correspond to 6 mg. per 100 ml. of protein, and 
.half-increments to 3 mg. 

’• An' altemative rapid method for plasma and C.S.B\ pro- 
teins, based on the xanthoproteic reaction, may also be used. 

TKfc colour of iodine in ether solution is very much like 
that of the Nesslet-yellow. The estimation of sugar by a 
method in which the final determination is of liberated iodine 
should make it possible to estimate blood sugar by means of 
the permanent standards. The Schaffer -Hartman procedure 
was easily adapted to this purpose. The intensity of the 
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a virulent and virulent streptococci from the site of their 
inoculation to the regional lymph nodes. He found, after 
immunization associated with sensitization, that virulent 
streptococci were more readily localized in the skin and de- 
stroyed by phagocytosis. With a relatively avirulent strain 
of hemolytic streptococci he observed in sensitized animals 
a marked local inflammation. The microorganisms dis- 
seminate from such an area to the tributary lymphatic nodes 
in appreciably smaller number. 

Rich and McKee (1932, 1934) have come to the conclusion 
that local immobilization of bacteria (Pneumococci, type I) 
in a reinfected immune animal is primarily due to the pres- 
ence of agglutinating tissue antibodies which prevent the 
dissemination of the microorganisms. The localization is 
immediate and precedes the development of fixation by in- 
flammation. According to Rich (1933), when the acute in- 
flammatory reaction is finally established, it no doubt is of 
assistance in preventing the further spread of bacteria. The 
writer (1930a), on the basis of his earlier studies on the con- 
centration of proteins in an inflamed area, agrees essentially 
with this viewpoint. The question is, however, raised whether 
the presence of part of the tissue agglutinins in an immune 
animal is not the result of accumulating antibodies from the 
circulation (see Chapter X). Inflammation, as has been 
pointed out (Menkin, 1933), may at certain initial stages 
reveal other manifestations besides leukocytic migration. 
The early increase in capillary permeability, although per- 
haps not detectable microscopically, is nevertheless as much 
a part of the inflammatory reaction as is the subsequent in- 
filtration of leukocytes. Consequently the conspicuous con- 
centration of antibodies in an area of reinfection does not 
necessarily imply a phenomenon independent of inflamma- 
tion. The usual antibody content in a local area of an 
immune animal (Freund and Whitney, 1929) may thus e 
simply enhanced by a further accumulation of agglutinins 
through the damaged capillary wall. The prompt concentre 
tion of antibodies from the circulation in an area of speci c 
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(Menkin 1938c) observed that the apparently normal skin 
of the abdomen may display an increased glycolysis when 
an acute cutaneous inflammation has been set up at some 
distance from the normal area. It is to be recalled that these 
workers brought forward evidence indicating that the severity 
of a lesion seems to be related to the intensity of glycoly- 
sis (1937). Biochemical observations of this sort suggest that 
perhaps a local cutaneous inflammatory reaction may be of 
significance in altering the normal metabolism of a consider- 
able area of what is otherwise considered uninvolved skin. 
This possibility may have to be taken into account when 
studying absorption of material from the site of skin inocula- 
tion. 

Summary. Specific inflammation in the immune body is 
exemplified either as an allergic or as an anaphylactic in- 
flammatory reaction. 

A typical example of an allergic inflammation is seen in 
tuberculosis. The reinjection of tubercle bacilli or of tuber- 
culo-protein in a tuberculous animal induces an acute local 
exudative inflammation with failure to involve the satellite 
lymph nodes. This well-known reaction is termed the Koch 
phenomenon. The tuberculin reaction is essentially a mani- 
festation of the same phenomenon elicited with tuberculo- 
protein. In contrast to the Arthus phenomenon (anaphylac- 
tic inflammation) the tuberculin reaction is not passively 
transferable to a normal animal by the injection of serum 
from a tuberculous animal. The tissue culture studies o 
Rich and Lewis (1928) suggest that in tuberculous tissue the 
specific antibody might be directly attached to cells or a 
least in close association with them. Rich and his colla ora 
tors maintain that acquired immunity is in no way depen 
ent on the development of allergic inflammation. A different 
view is upheld by a number of other investigators (ni 1S » 
Lurie, Freund and Angevine, Opie, and Menkin) v> ose 
studies either on tuberculosis or on the general mechanism^ 
of inflammation indicate that the allergic inflammatory re 
action probably plays an important role in immunity y r 
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Kio. 10, — Permanent artificial colour fctaodjnls for the emergency 
ntitnaUon of Wood and C.S F. constituents. 


31 the colour obtained ts Jess than the 0 02 standard the test 
is repeated viSlh 1 ml. of blood filtrate plus 1 ml. of water, 
and the result multiplied by 2. C.S. F. sugar may be esti- 
mated by the same procedure. 


* It h Mvnthl that the ether be peroxide-free ; otherwise excess iodine 
n»»i; be liberated from the potassium todvte. The ether may be tested by 
adding « m\, to a mixture of 2 ml. of water, 0 5 ml. of potassium Iodide, 
ond 0'S ml. of sulphuric add. If on shaVlng the mixture no perceptible 
5* how colour h present In the upper layer the ether is satisfactory for the test. 
In practice only a few sample* of ether which had been stored In glass for 
* long time have proved unsatisfactory. 
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intradermal injection immediately enters these vessels. They 
found that lymphatic capillaries in regions injured by heat- 
ing, ultra-violet light, or by intradermal injection of bacterial 
toxins are definitely more permeable than under ordinary 
circumstances. Diffusible dyes injected into such areas es- 
cape with extreme rapidity in striking contrast to their be- 
havior when placed in contact with normal cutaneous re- 
gions. In brief, they found that if the inflammatory process 
has not progressed to a purulent or to a necrotic stage there 
is a more rapid turnover of such material from the inflamed 
area. 

They also studied the reaction of lymphatic capillaries in 
the cars of mice immediately after minor injuries, such as are 
produced by incisions or mild burns (1934). Whereas small 
blood vessels tend to close after an incision, the lymphatics 
remain open for as long as forty-eight hours. Consequently 
materials introduced into such wounds pass directly into 
lymphatics through their gaping ends. This may explain the 
dissemination from cutaneous abrasions of infectious agents 
through lymphatics. As in the case of vascular capillaries, 
the lymphatic wall about an area of injury is rendered ab- 
normally permeable. It is quite possible that this increased 
permeability is likewise referable to the liberation of leuko- 
taxine (Menkin, 1938c). Twenty-four to forty-eight hours 
later McMaster and Hudack found lymphatics less perme- 
able than usual. Probably by that time the inflammatory 
reaction had reached a sufficient degree of intensity to favor 
plugging of lymphatics. It is conceivable that the observa- 
tions of Falchetti and Carlinfanti (1933) on the enhanced 
development of anaphylactic shock, when a homologous anti- 
gen is injected into an inflamed area induced by B.C.G., can 
be explained by the more rapid diffusion of the foreign pro- 
tein from a site of relatively mild injury. 

The observations of Hudack and McMaster are °f Sf 63 
significance, for they clearly demonstrate that, in the initia 
stage of an acute inflammation, the lymphatic vessels un 
dergo changes similar to those encountered in capillaries, 
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prompt accumulation of foreign proteins from the circula- 
tion in inflamed foci. Fox (1936) has also recently obtained 
evidence suggesting that antibodies tend to localize in such 
areas. In view of these facts, it is therefore reasonable to 
suppose that in an allergic or anaphylactic inflammation the 
mechanism of fixation is probably reinforced by the presence 
of specific antibodies (see Chapter XI). This 'view was fore- 
shadowed by Opie (1924) in his investigations on the mecha- 
nism of the Arthus phenomenon, and it was later developed 
further by Rich and McKee (1934) in their interesting studies 
on the immune animal. The recent interpretation by Had- 
field and Garrod (1938) that the studies of Rich and those 
of the writer represent divergent views concerning the 
mechanism of localization in inflammation is open to ques- 
tion. Rich has studied the reactions in immunized animals, 
whereas the writer has devoted his attention primarily to the 
mechanism concerned with the non-specific type of inflam- 
mation. The findings on the immune rabbit do not conflict 
with the results obtained on the non-immunized animal 
The presence of antibodies in sensitized tissue and their ac- 
cumulation in part from the circulation merely reinforces the 
basic non-specific (cf. Chapter XI) mechanism of fixation as 
manifested in the non-immune animal. 

Opie (1936) believes that it is difficult to estimate the 
relative importance of leukocytes, antibodies, and of the in- 
flammatory reaction itself in local fixation. Careful analyses, 
however, of the mechanism involved in regard to the element 
of time, or what may be termed the threshold of fixation, 
supports the view that lymphatic blockage constitutes t e 
basic reaction but that, as often maintained, it may be rein- 
forced by various factors (Menkin, 1931a, 1932a, 16 , 
1937a). Whereas the latter, in turn, may be quite significant, 
they are nevertheless considered secondary for the simp® 
reason that they do not have to be present for the reaction o 
fixation to take place. As has often been pointed out by e 
writer, his observations indicate that with some power u 
irritants, which cause considerable necrosis (for ins anc , 
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from which an injected vital stain (trypan blue) failed to 
reach the tributary lymph nodes. 

2. It was reasoned that, if mechanical obstruction plays 
an important role in fixation, then substances which are un> 
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It is evident that whereas B. prodigiosus penetrated freely 
into the normal skin areas, considerably fewer organisms 
entered the site of inflammation. Burrows has confirmed 
this experiment with India ink (1032).' Studying the liv- 
ing frog under the microscope, the writer has followed 
the diffusion of a dye from its peripheral inoculation to the 




Fig. 37. The failure of trypan blue to penetrate a site of in- 
flammation when injected at its periphery; 0.1 cc. of trypan blue 
was injected into each of several areas surrounding an inflamed 
area. About one and a half hours later the dye had diffused into 
the surrounding normal tissues, but had failed to penetrate the 
site of inflammation. (From Menkin, Arch, Path , 1931, IS, 26 ) 


boundary of an inflamed area where its further progress was 
blocked by the presence of a thrombus occluding a lymphatic 
channel (19 31d). 

3. A third type of evidence which reinforces the hypothesis 
was obtained by taking advantage of the fact that concen- 
trated urea dissolves fibrin. When this solvent was injected 
with or immediately after the irritant, obstructing thrombi 


1 The recent studies of Avery and Rigdon (Proc Exp. Biol, and Med., 1839, 4* 
fin indicate that a chronic inflammation induced by the preliminary ity A 
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fails to do so when introduced around an inflamed area con- 
sequent on the injection of distilled water and bacteria 
(Staph, aureus ). 

These three distinct types of evidence render it quite likely 
that the basic mechanism of fixation in inflammation is 
primarily referable to an obstructing barrier in the form of 
thrombi in lymphatics and of coagulated plasma in edema- 
tous tissue. There is as yet no precise information on the 



Fio. 39. Retrosternal lymphatic vessel draining peritoneal cavity about 
hours after it had been treated with 
by 10 cc. of distilled water. The lun 
containing leukocytes m abundance, 
toneal cavity failed to disseminate 
X 145. (From Men km, J. Exp. Med, 1932, 66, 157.) 


question of the relation of increased capillary passage to the 
lymph flow from an inflamed area. Pending such data, e 
finding of increased lymph flow from a main lymphatic trun 
draining a large area of tissue injured unequally by the in- 
flammatory irritant only indicates, as would be expeete , an 
absolute increase in lymph flow. In such an experimen one 
cannot preclude the possibility of a relative decrease in ® 
lymph output when the total amount of plasma whic a 
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permeated through the capillaries is taken into considera- 
tion (Menkin, 1933b). Inflammatory edema may in part be 
an index of the inability of a partially impaired lymphatic 
circulation to take care of the excessive passage of fluid from 
the circulating blood into acutely inflamed tissue. In this 
connection the interesting observations of Drinker and Field 
are suggestive and instructive (1933). These investigators 
have succeeded in developing a conspicuous local edema or 



and thirty minutes a 1 

in 50 per cent urea. 

geminated freely tr» . 

inflammatory reaction, X 360. (From Menkin, J. Ezp Med,l9JA * 

elephantiasis in the leg of dogs following obstruction of the 
lymphatic trunks. 

Burrows (1932) recently reviewed the various factors ^ 
volved in the mechanism of inflammatory retention. 
cording to this author these may be briefly stated to ^ 
follows: a, increased osmotic pressure; b, stasis and clo 
of lymph; c, phagocytosis; d, agglutination of bacteria^ 
vivo; and e, the electrostatic conditions in the tissues as v 
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as the electrical charges on the particles which are retained in 
an area of acute inflammation. Schade and Menschel (1923) 
have found that in inflamed areas, especially those with sup- 
puration, the accumulation of products of tissue disintegra- 
tion may become so great that the osmotic pressure is raised 
to as high as eleven atmospheres, with a simultaneous marked 
increase in hydrogen ion concentration. They believe that 
inflammatory edema has primarily an osmotic origin. For 
this reason it seems reasonable enough to suppose that the 
increase in osmotic pressure at the site of inflammation may 
be a factor in influencing the flow of fluids and perhaps in- 
directly any contained substance. It is, however, doubtful 
whether this factor plays a significant role in fixation. In the 
first place, determination of the osmotic pressure of exudates 
obtained in the early phase of an acute inflammatory reaction 
usually yields a value not markedly different from that of 
blood serum (Menkin and Warner, unpublished). Yet the 
fixation of various substances at such an early period in the 
development of an acute inflammation can be readily demon- 
strated. Furthermore, the fact that substances injected at 
the periphery of an acutely inflamed area fail to penetrate 
into it (Menkin, 1931a) seems to invalidate the view that 
retention is primarily referable to an increase in osmotic 
pressure within the injured tissue. As pointed out pre- 
viously, phagocytosis and agglutination in vivo are doubtless 
important secondary factors. Fixation, however, can be 
readily demonstrated in the absence of these factors (Men- 
kin, 1937a). When brought into play they are of consider- 
able significance in reinforcing the basic mechanism of lym- 
phatic blockade. The suggestion of differences in electric 
charges to account for fixation is an interesting view, which, 
however, seems as yet to have little experimental basis to 
substantiate it. 

In brief, the evidence on hand which has received further 
support from the studies of Burrows (1932), of Clark and 
Clark (1937), and of Dennis and Berberian (1934), indicates 
that the basic mechanism of fixation in an acute non- 
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specific inflammation seems to be primarily referable to the 
establishment of an effective lymphatic blockade (Menkin, 
1931a). These studies recently have again received confirma- 
tion in the hands of Lurie (1939). This worker has demon- 
strated that in the guinea pig the tubercle bacilli of reinfec- 
tion are fixed at the portal of entry. This animal is likewise 
capable of localizing, at the site of reinfection, unrelated 
material such as trypan blue or agar particles. This is refer- 
able to a marked degree of local injury in the animal which 
favors occlusion of lymphatics and the deposition of a dense 
fibrinous network at the site of inflammation. Other ele- 
ments, such as specific or non-specific precipitation, aggluti- 
nation m vivo, size of particle or diffusibility, adsorption, 1 or 
phagocytosis, represent various secondary factors which, 
under special circumstances or at some phase of the inflam- 
matory reaction, may be of great significance in reinforcing 
the primary and basic mechanism of fixation. 

Experiments described in previous chapters (IX and XI) 
present proof that various foreign substances including dyes, 
a metallic salt, foreign proteins, particulate matter, and bac- 
teria, injected into the site of an acute inflammation are 
fixed in situ and fail to drain readily into the tributary lym- 
phatic vessels. These same substances, as pointed out m 
Chapter X, injected intravenously, accumulate rapidly in 
inflamed areas. This accumulation is partly associated with 
increased permeability of the capillaries, but is also the re- 
sult of the inability of these substances to escape from the 
site of inflammation, owing to the presence of a fine network 
of fibrin and of thrombosed lymphatics. With some irritants 
the mechanism of fixation may occur extremely early in the 
inflammatory process. In the writer's earlier experiments 
(1929) fixation of a dye at the site of inflammation could be 
demonstrated by study of the regional lymphatics as ear J 


» It is interesting to note that trypan blue roured over a clot in a te . , oy 

only fails to permeate the interior of the coagulum. hut the dye shows r , 

trace of having been adsorbed on the fibrinous material Thw . raised 
haps of some interest in view of recent comments by Rich (1930>. w g.ation at 
the question of the possible adsorptive capacity by fibrin to account 
the site of inflammation. 
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as thirty minutes after the injection of the inflammatory 
irritant. This would substantiate the view, as pointed out in 
a foregoing section (Chapter IV), that the earliest change in 
inflammation is an increase in the permeability of the capil- 
laries which permits the passage of fibrinogen from the 
plasma into the tissue spaces. The rapid formation of a net- 
work of fibrin and of thrombi in lymphatics at the site of 
inflammation circumscribes the irritating substance and thus 
prevents its passage into the blood stream. Early fixation 
thus serves as the forerunner of the events whereby the dis- 
posal of the foreign material occurs at the site of inflamma- 
tion. By circumscribing the irritant it gives an interval of 
time for the leukocytes to assemble for the purpose of phago- 
cytosis. The initial barrier caused by thrombosed lymphatics 
and coagulated serum in the tissue spaces of the inflamed 
area thus plays a definite role in immunity by protecting the 
essential organs at the expense of local injury. 

Summary. Minor tissue injury favors the dissemination of 
injected foreign materials into the tributary lymphatic chan- 
nels. On the other hand, the “walling off” of an acutely in- 
flamed area seems to be due to an enhanced passage of fi- 
brinogen through the more permeable capillary wall. The 
mechanism of fixation, as indicated by three distinct types of 
evidence, is primarily referable to the formation of a fibrin- 
ous network and of thrombi occluding the lumina of drain- 
ing lymphatics. This favors the development of lymphatic 
blockade in acute inflammation. Various secondary factors, 
such as, for instance, the presence of immune bodies in 
anaphylactic or allergic inflammation, may reinforce the basic 
mechanism. The early occurrence of fixation in a severely 
injured area plays a definite r61e in immunity, for it allows 
an interval in which the relatively sluggish leukocytes may 
assemble for the purpose of phagocytosis. 
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INFLAMMATION AND BACTERIAL INVASIVENESS 
IN RELATION TO RESISTANCE 

Mechanism of Bacterial Invasiveness 

The observations on the mechanism of fixation have 
offered a means of studying a factor that may account in 
large part for the differences in the invasive ability of various 
pyogenic organisms (Menkin, 1933, 1935). 

The intensity and rapidity with which an inflammatory 
irritant is circumscribed in a tissue area varies with the type 
of irritant. The speed with which an irritant causes a region 
to be walled off by thrombosed lymphatics, or a fibrinous 
network, or by both, is necessarily an important index in 
determining its ability to disseminate ultimately into the cir- 
culating blood. This holds true if the irritant can readily 
drain through lymphatic vessels from the site of inoculation. 
That bacteria disseminate from the site of inoculation 
through lymphatics lias frequently been demonstrated 
(Noetzel, 190G; Wells and Johnstone, 1907; Menkin, 19316). 
It follows from this that, if bacteria are employed as inflam- 
matory irritants, some information may be obtained con- 
cerning the invasive capacities of different microorganisms. 
This would depend on the type of inflammatory reaction 
which a given microorganism induces in the host. Patholo- 
gists are familiar with the localizing tendency of staphylo- 
cocci in contrast to the invasive property of the streptococci. 
Can the behaviors of various pyogenic organisms in tissues 
be related, in part at least, to their respective properties of 
creating an early inflammatory reaction at the site of their 
inoculation which would tend to prevent by the mechanism 
mentioned above, their dissemination to the tributary lym- 
phatic nodes? When a vital dye is introduced into an area a 
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various intervals of time after bacterial inoculation of this 
site, the degree of walling off of the infected focus may be 
determined by the extent to which the dye can drain into the 
regional lymphatics. 


TABLE XXH 


Retention op Trypan Blue at the Site of Staphylococcus 
Inflammation 
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0 
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20 57 
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0 

0 
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JVotn Menkin. J. Exp. Mtd , 1933, 57, 977. 


The observations represent a comparison of three pyogenic 
cocci, Staphylococcus aureus, Streptococcus hemolyticus , and 
Pneumococcus Type I, with regard to the rapidity of fixation 
of a vital dye at inflammatory foci set up by these respective 
organisms (Menkin, 1933). The significance of these experi- 
ments in reference to an understanding of the differences in 
the invasive properties of these three microorganisms will 
likewise be indicated. If, as shown in Table XXII, trypan 
blue was injected in both forelegs of a rabbit immediately 
after the inoculation of a broth suspension of Staphylococcus 
aureus in one of the limbs, the passage of the dye into the 
draining axillary lymphatics occurred in both the normal and 
inflamed side with about equal intensity. If, however, the 
dye was injected slightly over one hour after the bacterial 
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irritant, trypan blue reached the tributary lymph node or its 
efferent lymphatic vessel in greatly reduced quantities. 

Histological studies were made of inflamed areas of about 
four to twenty-three hours duration at a time when trypan 
blue had been shown to be fixed at the site of staphylo- 
coccus inflammation. There was generally a moderate 
amount of edema as shown by the separation of tissues. 



Fia. 42. Lymphatic vessels showing occlusion of their Iu- 
mina by a delicate fibrinous reticulum. Taken from an area 


mnl circumstances X 895. (From Mcnkm, J. Exp. Med, 

1933, 67, 977 ) 

Lymphatics were found with their lumina completely or in 
part occluded by a fibrinous reticulum (see Fig. 42, Rabbi 
7-18, Table XXII). A meshwork of fibrin varying in extent 
was often seen at the periphery of a zone of polymorphonu 
clear infiltration. Clumps of staphylococci were frequen y 
observed in close association with fibrinous strands. 

The results obtained when Staphylococcus aureus is u=e 
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as an inflammatory irritant show that the inability of trypan 
blue to reach the regional lymphatics occurs as early as one 
hour after the onset of the inflammatory reaction, and that 
this fixation can be satisfactorily explained by the early 
formation of fibrin in tissue spaces and of thrombi in lym- 
phatics at the site of inflammation. 



, Fiq 43 Thrombosed lymphatic vessel in a cutaneous area of inflammation 
induced by Pneumococcus Type I. The inflammatory reaction is of about 
twenty-three houis duration The dye injected into this inflamed area failed 
to reach the tributary lymphatics X 450 (From Menkin, J Exp Med., 
1933, 67, 977 ) 

Trypan blue introduced into an area of cutaneous inflam- 
mation induced by Pneumococcus Type I was retained in 
part when the dye was injected about six hours after the 
inoculation of the bacteria. The vital stain failed to reach 
the tributary lymphatic node if a period of over seventeen 
hours elapsed after the inoculation of the cocci. 
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Histological Mu (lien of areas inflamed for a period of about 
four Lours revealed dilated and patent lymphatics with 
small infiltration of polymorphonuclear leukocytes in tissues 
distended with edema. When the inflammatory reaction is 
of longer duration (20 hours or over) the dye completely fails 
to reach the tributary lymphatics. At the same time, 1)70- 
phntic vessels could he found that were completely occluded 
by dense thrombi (Fig. 43). In such sections the heavy 
cellular infiltration was conspicuous hut the fixation was 
evidently associated primarily with the blockage of lym- 
phatic vessels at the site of inflammation, inasmuch ns a 
fibrinous mesh work was teUlom if ever observed in the tissue 
6paecs. 

TABLE XXII! 

Retention or Tnrrw Rlce at the Srrn or .SrnrrrococciM 
Isrumuiriov 



The results as concerns the retention of trypan blue in 
areas of inflammation induced by hemolytic streptococci 
(Strain S-23 of Lanceficld) are shown in Table NX! II. } »» 
occurred at a considerably later period than with ci ier 
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staphylococci or pneumococci. Definite evidence of fixation 
was not obtained until 45 hours after cutaneous inoculation 
with the microorganism. 



L. . ‘ 

44. Lymphatic vessel in on area of inflammation induced by Strtpto- 
*^ lC fraction U of about four hours duration. There u 


Histological studies revealed patent lymphatics at a time 
trypan blue diffuses readily from a streptococcus in- 
a mmntory area (sec Figs. 44 and 45 and Experiments 0-59 
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and 10-10). However, when the reaction has been going on 
for about two days and fixation of the dye has been demon- 
strated, one finds in addition to coagulated plasma and in- 
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Fiq. 45. Lymphatic vessel tn an area of streptococcus inflammation of about 
nineteen hours duration. The lur 
into this area diffused freely to tf 
XXIII) Approximately X 450. 


i 

e 

|§ •* 


tense cellular infiltration, lymphatics occluded by dense 
leukocytic thrombi (see Fig. 4G, Experiment G~42), 

The foregoing experimental results therefore clearly s ow 
that the rapidity with which an area of acute inflammation 
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! becomes circumscribed so that foreign substances fail to 

: spread readily from it is a function of the irritant. Staphylo- 

cocci, by their high necrotizing power, cause the formation 
of thrombi in lymphatics and hence fixation within about one 
! hour after their inoculation into normal cutaneous tissue. 



. Fi q < 46. Lymphatic vessel from an area of cutaneous inflammation 
induced by Streptococcus hemolyticus The inflammatory reaction 
»°f °ver fifty hours duration. The lumen is occluded by a dense 


67, 9?7.) 

The streptococci employed by the writer, on the other hand, 
accomplished this only about 45 hours later. The fact may 
account for the difference in invasive behavior of staphylo- 
coccus and streptococcus. It is conceivable, however, that 
there may also be other factors involved. 

These observations present an interesting paradox (Men- 
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local disturbance in the intermediary carbohydrate metabo- 
lism (1937), Lesions induced by the Staphylococcus aureus 
manifest a considerably enhanced glycolysis in comparison to 
lesions of the same duration caused by hemolytic strepto- 
cocci (1938c). The average concentration of glucose was 
found to be 02.3 mgm. per 100 grams of tissue in cutaneous 
areas previously inoculated with Staphylococcus aureus (Table 
XXIV). In skin areas of corresponding duration but injected 
with hemolytic streptococcus, the concentration of sugar 
averaged 129.7 mgm. per 100 grams of tissue. The level in 
normal skin was 149.9 mgm. These comparative figures in- 
dicate higher glycolytic activity in lesions induced by 
Staphylococcus aureus, and hence serve as further evidence for 
the view that the invasive behavior of microorganisms bears 
an inverse relation to the intensity of local injury. 


TABLE XXV 

Retention op Trypan Blue at Site or Inflammation Induced by 
Filtrate of Staphylococcus Culture 



From Menkrn. Am J Med Set.. 1933. 100. 383 


2. The Berkcfeld filtrates of several-day-old broth cultures 
of S . aureus induce an acute inflammatory reaction in the 
sk'n of rabbits which promptly causes retention of trypan 
blue (Table XXV, Fig. 47). The reaction is essentially 
indistinguishable from that obtained when the microorgan 
isms alone are injected (Menkin, 1935). Heating the filtra e 
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to 58° C. for about one hour destroys the principle responsible 
for the reaction (Table XXVI, Fig. 48). The filtrate of 
a 24-hour culture is ineffective, whereas the one-day-old 
culture of the organisms produces a perfect walling-off of the 
inflamed area. This indicates that the S. aureus owes its 



Fla. 47. An inflamed area induced by the intracutaneous inocula- 
tion of about 1.5 cc of the Berkefeld filtrate of a scveral-day-old 
culture of S. aureus (sec Rabbit 8-85, Table XXV). The inflamed 
urea is of over twenty-two hours duration Trypan blue injected 
into this area failed to reach the tributary lymphatics Note both 
the fibrinous thrombus occluding the lymphatic lumen, and the 
coagulated plasma in the tissue spaces (From Menkin, Am J. Med 
Set., 1935, 100, 583.) 

necrotizing activity not merely to its presence per se but in 
addition, also to its ability to release a powerful exotoxin- 
dtc product. This soluble, toxic, thermolabile material is 
capable of inducing sufficient capillary and lymphatic dam- 
a ge to produce a shunting off, so to speak, of the inflamed 
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>jis 

jjltev 


area. There is some evidence that this material is identical 
with or at least resembles in many respects the staphylococ- 



Fig. 48. A lymphatic lumen in an area of inflammation induced by the in- 
oculation of inactivated S. aureus filtrate (This was accomplished by heating 
the filtrate at 58° C. for about one hour; 6ee Exp. 5, Table XXVI.) The in- 
flammation was of more than twenty-seven hours duration. The lumen is 
unoccluded. Trypan blue drained readily from this area to the tributary Iy m “ 
phattcs (From Menkin, Am J. Med Set , 1935, 190, 583 ) 

cus leucocidin of Denys and Van de Velde (1895). The fil- 
trates of hemolytic streptococci and of Type I Pneumococcus 
are utterly unable to induce any such response. The dye 
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penetrates from such inflamed areas to the regional lympha- 
tics even as late as 50 hours following thje inoculation of strep- 
tococcal filtrates. The filtrates of these latter microorganisms 
are evidently entirely innocuous. 


TABLE XXVI 

Retention of Trypan Blue at Site of Inflammation Induced 
by Heat-Inactivated Filtrate of Staphylococcus Culture 
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From Menkin, Am J MtJ Sex . 1935. 100, 583 


3. A number of authors, including Much (1908), Gratia 
(1920) and Gcngou (1933) have shown that the Slaphrjlocac- 
ciis aureus and its exotoxin are capable of causing oxalated 
blood to clot. According to Gratia this is due to a ther- 
mostable substance which he calls staphiylocoagulasc . Menkin 
and Walston (1935) have succeeded in separating slaphylo- 
coagulase from the fraction that induces inflammatory fixa- 
tion. This was attained by treating the filtrate of a culture 
of microorganisms with glacial acetic acid. They found that 
the “clotting principle" elaborated by staphylococci, when 
injected intracutaneously, fails to exert a sufficiently power- 
ful local reaction to obstruct lymphatic drainage. Trypan 
blue diffuses readily from the prepared site of cutaneous 
inoculation and the tributary lymphatics are found unoc- 
cluded. Slaphylocoagulase evidently plays no r61e in inducing 








194 DYNAMICS OF INFLAMMATION 

an early lymphatic blockade. The latter is evidently refer- 
able to the powerfully necrotizing action per sc of the staphy- 
lococcus microorganism and of its soluble toxin. 

Invasiveness, Virulence, and Resistance 

For the sake of clarity, the terms virulence, invasiveness, 
and resistance, as used by the writer, may be defined as 
follows: 

Virulence represents the capacity of a pathogenic micro- 
organism to produce a generalized deleterious effect when 
inoculated in a given host. The maximum effect of the dam- 
age is obtained with the death of the animal. The rate at 
which this end-point is reached serves as an index of the re- 
sistance of the host to a given dose of the infecting micro- 
organism. 

Invasiveness, on the other hand, represents the capacity of 
a microorganism to disseminate to the circulating blood from 
its point of cutaneous inoculation. The extent of invasive- 
ness is evidently largely regulated by the intensity of the 
local inflammatory reaction induced in the host by the 
pathogenic organism. 

As defined above, therefore, virulence refers to the ability 
of the microorganism per se to induce in the host generalized 
damage; whereas mvasiveness is associated with the degree 
of localized inflammatory reaction developed in the host ow- 
ing to the presence of the pathogenic microorganism. 

Studies by the writer (1936c) clearly indicated that the 
local inflammatory reaction, by determining the degree of 
invasiveness, plays an important role in immunity. The re- 
sistance of the host infected with a virulent microorganism 
represents the resultant of a number of factors, including 
among others, the invasiveness and the virulence of the bac- 
teria. The invasive property of a microorganism has in the 
past been taken as a criterion of its virulence and vice versa 
(Zinsser, 1931). Some bacteriologists, however, recognize non 
that virulence and invasiveness are different properties which 
are not to be confused and the terms are therefore not to be 
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employed synonymously (Topley, 1933; Zinsser, Enders, 
and Fothergill, 1939). 


TABLE XXVII 

Effect of a Superimposed Inflammatory Irritant on the Survival 
Time of Rabbits Infected with Virulent Pneumococci 
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Erom Menlun, J tnjtct D,» , 1938, 6S, 81 


>11 animals were inoculated with the si 


The factor of invasiveness may be studied as a separate 
variable by a number of experimental procedures. For in- 
stance, this was accomplished by interfering with the dis- 
semination of a given virulent microorganism (Type III 
Pneumococcus) from its site of cutaneous inoculation (Men- 
. n * 1936c). This end was attained by the superimposed in- 
jection of an inflammatory irritant that causes prompt 
walling-off" (e.g. Staphylococcus aureus, aleuronat, or tur- 
pentine). Such manipulation, as shown in Table XXVII, 
delayed the dissemination of the virulent microorganism, and 
even, in some cases, apparently allowed sufficient time for the 
ocal inflammatory reaction to dispose of it in large part. In 
his way, the full effect of virulence, as manifested by massive 
lood stream invasion and subsequent death, could be re- 







196 


DYNAMICS OF INFLAMMATION 




v&c* . 

■f ■ r»1 

f 4g/ 

(a fli. 


F3 

,v> <!J/U .etSil 

s a «> \ 




INFLAMMATION, BACTERIAL INVASIVENESS 197 



FlO. frt r* .... . . 

induced 
lotion. ' 
into the 

(From Menkm, J. Infect. Dis., 1936, 68, 81 ) 
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tarded and in a few cases aborted. The localizing tendency 
on the part of the cocci in experimental animals was found 
referable to the establishment of an effective lymphatic block- 
ade. This was demonstrated both by the inability of an in- 
dicator dye, e.g. trypan blue, to reach the tributary lym- 
phatic vessels and by histological examination of the inflamed 
areas (see Figs. 49 and 50). Nevertheless, there was no in- 
dication from these observations that the virulence or the 


toxic effect per sc of the pathogenic microorganism had been 
in any way altered by delaying its invasiveness. For this 
reason, it is doubtful whether observations pertaining to 
virulence and resistance can be adequately utilized in draw- 
ing inferences concerning the function of on inflammatory 
reaction as a regulator of dissemination. Clark (1929) has 
shown that "preparing" a pleural cavity by preliminary in- 
troduction of an inflammatory irritant does not protect 
rabbits inoculated subsequently into that cavity with viru- 
lent Pneumococci Type I. Observations similar in nature do 
not indicate, as has apparently been assumed by some writers 
(Cannon and Hartley, 1938; Rich and McKee, 1934), that 
the acute inflammatory reaction has failed to prevent the 
spread of virulent pneumococci. Fixation is not to be 
measured by the resultant of a number of factors which col- 
lectively may perhaps be appropriately termed resistance. 
As shown by the writer (19316), invasiveness or dissemina- 
tion is measured as a quantitative factor and therefore even 
if but a few extremely virulent microorganisms can escape 
into the circulation through the mechanical barrier induced in 
an area of inflammation, their virulence may prove of suffi- 
cient magnitude to overcome the resistance of the animal. 


1 The complexity of factors that may be involved in evaluating resist# 
exemplified in the various studies of different workers (e g Hughes, »> .Hi 
and Bad . 1937. 45, 377, 1939, 43, 605. Steinberg. 1931. and Robertson and w 
collaborators, 1939). For instance, Robertson and Fox. studying the ou ° 
experimental lobar pneumonia in the dog. report that the infecting dosag 
extent of pulmonary involvement, the leukocytic ^response, ana he 0 Q 3 tieating 
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In brief, the sum total of all these observations clearly 
indicates the role of the inflammatory reaction in regulating 
the rapidity of invasiveness of a microorganism, and there- 
fore the significance of this factor in grading the immunity 
or resistance of the host is manifest. However, the rate of 
dissemination in no way alters the virulence per se of the 
bacteria, which still remains a most important factor in 
evaluating resistance. Virulence and invasiveness are there- 
fore regarded as two separate variables in studying problems 
of immunity (Mcnkin, 1935, 1936c). 

The rapidity and intensity of local fixation in an inflamed 
area are factors to be reckoned with in determining the in- 
vasiveness of an infectious microorganism. Dissemination 
seems thus to be related directly to time and inversely to the 
degree of local injury. This may be conveniently expressed, 
perhaps, as follows: 



where D refers to dissemination, t to time, I to extent of 
ln Jury, and AT is a constant depending on the physical prop- 
erties of the irritant and perhaps on the anatomical position 
of the lesion (Menkin, 1938). Powerfully necrotizing irritants 
produce, as a result of an increase in capillary permeability 
and lymphatic damage, an extremely prompt “walling-off” 
reaction (termed fixation). By this early process, the area of 
mjury is mechanically circumscribed and the dissemination 
°f the irritant is prevented. This initial response, which may 
occur within thirty minutes following the injection of an 
irritant, allows a definite interval of time for the leukocytes 

0 assemble at the site of inflammation for phagocytosis. 

. t Q Phylococcus aureus is an example of such a bacterial 
irritant. Aleuronat is a chemical irritant of similar potency 

1 en hin, 1929). Mild irritants, on the other hand, produce 
° n y a delayed reaction thus allowing relatively free pene- 
tration of the irritant into the circulation for a considerable 
m erval of time. Occlusion of the draining lymphatics in such 
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instances often takes place as late as two days following the 
introduction of the irritant. Hemolytic streptococci ex- 
emplify this type of irritant (Mcnkin, 1933). Another in- 
stance has been demonstrated by McMaster and Hudack 
who showed that, up to 48 hours following a mere 
skin incision or local burn, lymph drainage is adequate 
(1934). Subsequently lymphatics failed to convey effectively 
materials contained in them. The intensity of fixation is 
found frequently to parallel the extent of inflammatory 
edema. This, as already mentioned, would suggest that in an 
inflamed area the local swelling is at least in part the result 
of blockage to normal lymphatic drainage which is thus un- 
able to cope adequately with the excess outpouring of plasma 
from the capillaries. 

An interesting method for the study of bacterial infection 
and invasion has recently been devised by Goodpasture and 
his collaborators (1933, 1937). This consists in inoculating 
the chorio-allantoic membrane of chick embryos. The tissue 
behaves as a sterile living culture medium on which various 
types of bacteria may be inoculated. A means is afforded of 
propagating pure bacterial cultures in an organism and of 
thus studying the interaction of host and parasite. Various 
microorganisms were inoculated, including among others, 
cultures of Staphylococcus aureus, hemolytic streptococci, 
C. diphtheriae, E. typhi, and Myco. tuberculosis avium. With 
the exception of Staph, aureus , Str. hemolylicus, and C. diph- 
theriae, all other pathogens studied were found to multiply 
rapidly in the embryonic cells of the host. These micro- 
organisms seem to be able to invade living tissues only 
through the agency of viable cells. Phagocytosis under these 
circumstances favors invasion and therefore does not act as 
a mechanism of defense. These investigators conclude that 
phagocytosis may thus have an ambiguous implication. It 
may under some circumstances favor extension of an infec- 
tion while at other times it tends to eliminate bacteria. These 
instructive observations indicate the complexity of factors 
which may be involved in the problem of bacterial invasive- 
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ness. It is quite clear, however, from the studies of Good- 
pasture that in infections due to staphylococci or hemolytic 
streptococci their invasiveness in tissue is evidently not 
favored by phagocytosis, for these microbes are destroyed 
by leukocytes. 

There is an additional significant factor that seems to play 
a role in the local dispersion of microorganisms. Duran- 
Reynais (1933) demonstrated that certain strains of staph- 
ylococci and streptococci contain a soluble factor capable 
of increasing tissue permeability. The filtrates of these 
organisms induce a spread of the local lesion. This property 
is apparently similar to the diffusion of India ink when in- 
jected along with testicular extract (Duran-Reynals, 1928, 
1929). These observations recall the extensive pneumococcal 
type of lesion that Goodner described in the dermis of rabbits 
(1928). The latter also noticed the presence of an anticoagulat- 
ing factor in the autolysates of pneumococcus cultures (1931). 
This property seems to favor the local spread of the edema- 
tous fluid containing pneumococci and allows the inoculation 
of all tissues which it reaches (Rhoads and Goodner, 1931). 
The writer, as described above, observed that the injection in 
the rabbit of broth cultures of Type I Pneumococcus seldom 
induces any appreciable fibrin deposits in the affected tissue 
areas. However, the ultimate formation of thrombi in lym- 
phatics prevents the penetration of a vital dye to the tribu- 
tary lymphatic nodes (Menkin, 1933). McCIean noted the 
presence of a similar spreading factor in various members of 
the gas-gangrenc group (1936). Pradhan, studying hemolytic 
streptococci (1937), likewise confirmed these findings. Some 
°f these investigators conclude that the presence in various 
pathogens of the spreading factor induces an increase in tis- 
sue permeability which in turn seems to be of significance in 
etermining the local invasiveness of a microorganism. They 
riieve that the factor of invasiveness is independent of 
Virulence. Their inference, as discussed above, is in agree- 
ment with the findings of Menkin (1936c). In reviewing the 
various studies on the spreading factor, Duran-Reynals 
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(1936) suggests the possibility that the development of 
lymphatic blockade may play a part in restricting the full 
effect of the spreading factor contained in some pathogens. 
The early “walling off” induced by staphylococci (Menkin, 
1933) may thus counteract the cfTcct of the spreading factor 
which they contain. On the contrary, the widespread types 
of streptococcal lesions are perhaps referable to the free play 
of the spreading factor since the development of lymphatic 
obstruction is considerably delayed. These studies and inter- 
pretations are doubtless of great interest. It is questionable, 
however, in the writer’s mind whether the extent of local 
lesions is of major significance in evaluating invasiveness to 
the systemic circulation. In the last analysis this seems to be 
the main problem in regard to the organism as a whole. 
Although the extent of local invasiveness is doubtless of some 
significance, the mechanism of systemic invasiveness seems 
to be primarily associated with the capacity of micro- 
organisms to reach ultimately the general circulation. As 
has been noted above, this seems to be a function of the local 
inflammatory lesion. The patency of the draining lym- 
phatics, through which bacteria disseminate in order to reach 
the systemic circulation is determined primarily by the de- 
gree of local injury. Inflammation thus becomes a basic 
factor in immunity as a regulator of generalized invasiveness. 

Summary. An important factor concerned with the mech- 
anism of invnsivencss by pathogenic microorganisms con- 
sists in the rapidity and intensity with which lymphatic 
blockade is established by their presence in otherwise normal 
tissue. 

A culture of Staphylococcus aureus or of its soluble toxin 
induces prompt lymphatic occlusion, as indicated by his- 
tological examination of the site of inoculation, and also by 
the fact that within one hour after infection an injected dye, 
used as an indicator, fails to reach the regional lymphatic 
nodes. In the case of hemolytic streptococci, however, about 
two days ore required after their cutaneous inoculation before 
the local reaction is of sufficient intensity to induce lymphatic 
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obstruction. These observations suggest a paradoxical inter- 
pretation. Staphylococci produce in general little systemic 
effect owing to their intense local injurious reaction which 
fixes them in situ. Streptococci produce marked generalized 
effects on the organism as a whole because of their compara- 
tively mild local reaction. This allows them relatively free 
penetration to the essential organs. 

Various other possible factors to account for the respective 
differences in the invasive behavior of the above pyogenic 
microorganisms are discussed. It is pointed out that neither 
the fibrinolytic factor contained in cultures of hemolytic 
streptococci, if at all present in vivo, nor the clotting prin- 
ciple or staphylocoagulasc of Staphylococcus aureus can ade- 
quately explain the primary mechanism of invasiveness. The 
available evidence indicates that the capacity of pathogenic 
microorganisms to disseminate from their site of inoculation 
is apparently inversely related to the intensity of induced 
local injury. The patency of regional lymphatics determines 
the invasiveness of a microorganism. 

Invasiveness and virulence constitute two separate vari- 
ables in the grading of resistance. By introducing an irritant 
which induces prompt “walling off” of an area, dissemina- 
tion of a virulent microorganism can be retarded and thus 
the full effect of its virulence on the host markedly delayed. 
Nevertheless, the virulence per se of the pathogen remains 
^sentially unaffected by interfering with its dissemination, 
the observations described in this chapter indicate the im- 
portant role of inflammation in immunity as a regulator of 
invasiveness. 



CHAPTER XIV 

RECAPITULATION AND CONCLUSIONS 


In the foregoing chapters of this monograph observations 
have been recorded pertaining to the disturbed physiological 
and biochemical equilibria occurring in an area of acute in- 
jury. The immunological implications of these disturbances 
have led us to the formulation of a dynamic concept of the 
inflammatory reaction in relation to the organism as a whole. 
This viewpoint can now be briefly summarized somewhat as 
follows: 

Inflammation may be regarded as the physical basis of in- 
fectious processes. The inflammatory reaction is initiated by 
a derangement in local fluid exchange. It subsequently pro- 
ceeds through a series of interdependent sequences which 
ultimately tend to localize and dispose of the irritant. The 
disturbances in the local physiology of inflamed tissue are 
closely associated with the immunological significance of the 
inflammatory reaction. The principal sequences in the de- 
velopment of inflammation may be listed as follows : 

a. Increased fluid passage through the capillary endothelial 
wall. This seems to be primarily referable to two factors: 

1. Elevation in capillary pressure which is perhaps the out- 
come of a local axon reflex affecting the caliber of arterioles. 

2. Increased capillary permeability; this seems to be referable 
to the liberation by injured tissue of the permeability 
factor termed leukotaxine. Leukotaxine is a nitrogenous 
substance, the significant properties of which evidently do 
not resemble those of histamine. It appears as if it may 
belong to the group of relatively simple polypeptides. 
It is postulated that its formation occurs as a result of 
the presence of an irritant interfering with local protein 
catabolism. 



RECAPITULATION AND CONCLUSIONS 


205 


b. Localization of the irritant (fixation). The “walling off” 
of an inflamed area seems to be due to an enhanced passage 
of fibrinogen through the more permeable capillary wall. 
The mechanism of fixation is primarily referable to the forma- 
tion of a fibrinous network and of thrombi occluding the 
lumina of draining lymphatics. This favors the development 
of lymphatic blockade in acute inflammation. Various 


secondary factors, such as the presence of immune bodies in 
anaphylactic or allergic inflammation, may reinforce the 
basic mechanism. The early occurrence of fixation in a 
severely injured area plays a definite r61e in immunity for it 
allows an interval in which the relatively sluggish leukocytes 
assemble for the purpose of phagocytosis. 

c. Migration of leukocytes. The first cells to migrate into an 
inflamed area are the polymorphonuclear leukocytes. The 
mechanism of their migration seems to be related to the 
liberation of leukotaxine by injured tissue. The properties of 
the crystalline nitrogenous substance recovered from exu- 
dates offer a reasonable explanation for two of the basic 
sequences of the inflammatory reaction: first, the initial in- 
crease in capillary permeability, and secondly, the rapid 
emigration of polymorphonuclear leukocytes into injured 
tissue. Leukotaxine appears to contain factors concerned 
both with permeability and chemotaxis. 

The polymorphonuclear cells are gradually displaced by 
macrophages. Cytological changes in acute inflammation 
seem to be conditioned by the pH of the exudate which in 
turn is often referable to disturbance in the local intermedi- 


ar y carbohydrate metabolism. The development of a local 
acidosis, resulting from increased glycolysis and depletion of 
the alkali reserve, seems to injure the polymorphonuclear 
cells. Macrophages survive and predominate when the pH 
tails to a level of about 6.9 or 6.8. Further reduction in the 
P proves lethal to all types of leukocytes and frank sup- 
puration ensues. 

The rise in the level of circulating leukocytes, frequently 
encountered in infectious processes, seems to be referable 
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to the liberation in the inflamed area of a leukocytosis- 
promoting factor. This factor is either a globulin or at 
least it is associated with the pseudo-globulin fraction of 
exudates. 

The interplay and dynamic relationships of the above 
sequences constitute an acute inflammation. An inflamed 
area can be considered as shunted off from the rest of the 
organism. It has its own metabolism, its own hydrogen ion 
concentration, and its own modified circulation. The inflam- 
matory reaction thus displays an extraordinarily complex 
mechanism tending to localize and dispose of a chemical or 
bacterial irritant. This ultimately leads to organization and 
repair of the affected tissue. 

The concept of fixation and its mechanism afford a rational 
interpretation of the r6Ie of inflammation in immunity. The 
capacity of pathogenic microorganisms to disseminate from 
their site of inoculation is apparently inversely related to the 
intensity of induced local injury. In this way inflammation 
plays a significant rflle in problems of immunity as a regu- 
lator of bacterial invasiveness. 

A number of fundamental problems still remain unsolved. 
It is hoped that an attempt at their elucidation may loom 
as an attractive objective for the student of infectious proces- 
ses. For instance, the exact nature of cellular injury both in 
regard to inflammation and to the development of neo- 
plasia; the r61e of lymphocytes and plasma cells in certain 
inflammatory conditions; and the factors conditioning re- 
pair are only a few of the basic questions concerning which 
our information is as yet surprisingly meager. The introduc- 
tion of various methods offered by the combined fundamental 
sciences of morphology, immunology, physiology, and bio- 
chemistry doubtless vail throw further light on a problem 
which in all ages has been considered as the keystone to an 
understanding of pathology. 
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permeability, 53 
in injury, 50 ct seq. 
relation to cytological sequences in 
inflammation. 62 

theories as to mechanism, 50 ct seq. 
Mihcu interne, J3 

Mononuclear phagocytes (see also 
Macrophages) 

migration in inflammation, 62 
presence of enzyme in, 03 
relation to immune process in tu- 
berculosis, 154 

Necrosis of tissue 
and inflammation, 123 
relation to tissue pH, 6G 
Nervous system 
relation to leukocytosis, 104 
rfile in inflammation, 45 ct seq 
Non-specific inflammation and the 
Sanarclli-Shwartzman phenom- 
enon, 144 et seq. 

Nucleic acid, rdiein leukocytosis, HO, 

111,112 

Opsomns, and phagocytosis, 91, 93, 
04 

Organ extracts, effect on polynuclear 
count, 100 
Osmotic pressure 
as a factor in fixation, 177 
effect on phagocytosis, 92 
in inflammation, 177 
of lymph, 11, 105 
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Osmotic pressure — Continued 
of plasma proteins, 9 ct seq 
of tissue fluid, 9 

Oxygen consumption m inflamed 
areas, 75 et seq. 


Peritoneal cavity, dissemination of 
substances from, 116 et seq. 
Permeability factor ( see also Leuko- 
taxine) 

identity with chemotactic factor, 
56etseq. 

presence in proteolytic products of 
blood scrum, 44 

presence in testicular extracts, 44 
Permeability of capillaries ( see Capil- 
laries) 

Phagocytosis 
a factor in fixation, 177 
ambiguous implications as protec- 
tive mechanism, 200 
and immunity, 90 
and immunity in tuberculosis, 154 
by leukocytes, 90, 9G 
by macrophages, 90, 96 
factors exerting influence on, 91 ct 
seq. 

in theory of evolution, 90 
in tissue culture, 97 
in tuberculous rabbits, 96 
m various phyla, 90 
mechanism, 94 et seq. 
relation to chemotaxis, 50 
Phagocytosis-promoting substances 
(«e Opsonins, Tropins; Scrum \see 
wader Phagocytosis) 
hosphorus content in inflamed area, 


Plasma filtration 
in inflamed tissue, 16 et seq 
in normal tissue, 8 et seq 
*neuniococci 

presence of autolyzing factor in 
cultures, 201 

reaction in immune animal, 156, 158 
iype I as irritant, 169, 181 et seq. 
mieumoma 


unpaired circulation in pneumonic 
. lung, 143 
intravenous therapy, 143 
relation of lactic acid to pH in, 87 
^mining of consolidated areas by 
trypan blue, 19 


Polymorphonuclear leukocytes 
and resistance, 119 
appearance in acute inflammation, 
61 

as phagocytes, 50, 90 et seq. 
diapedcsis, 52 et seq. 
influenced by pH of exudates, 67 
viability in relation to pH, 83, 84, 93 
Potassium content m exudates, 87 
Precipitin reaction, in course of im- 
munization, 159 et seq 
Proteins 

accumulation in inflamed area, 141 
et seq 

concentration in lymph and tissue 
fluid, 11, 12 

effect on phagocytosis, 94 
fixation in inflamed area, 120, 123, 
159 

in exudates, 41 et seq. 
metabolism in inflamed areas, 86 
passage through capillaries, 9 et 
seq , 141, 142, 143 

Proteolysis in inflammatory exudates, 
39 et seq , 86 

of blood serum by enzymes, 44, 57 
(footnote) 

relation to carbohydrate metabo- 
lism in exudates, 87 
Prussian blue test, in inflamed and 
normal tissues, 127 
Pyogenic bacteria, fixation in im- 
mune animal, 156 ct seq. 

Resistance 

and inflammation, 117, 119, 198 
and lymphatic blockade, 120, 151, 
198 

definition, 194 

factors involved, 154, 194, 198 
(footnote) 

in relation to age of host, 120 
in relation to invasiveness of bac- 
teria, 194 

Resolution of abscess, 72 
Respiratory metabolism in tubercu- 
lous rabbits, relation to feme 
chlonde treatment, 133 
Retention of substances in inflamed 
areas ( see Fixation) 
Reticulo-endothclial system, relation 
to iron therapy in tuberculosis, 
133 
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Sannrelli-Shwartzman phenomenon, 
114 et 6cq. 

possible mechanism, 144 
Sensitization (see Allergy) 

Serum, influence on phagocytosis, 93, 

94,03 

Skin, iron content in inflamed areas, 
127 
Spleen 

colonics of tubercle bacilli cultured 
from, 139 

iron content in tuberculous ani- 
mals, 138 

Spreading factor of Duran-Itcynals 
and fixation, 201 
and various bacteria, 201 
comparison with leukotaxinc, 44 
significance in invasivcncss of bac- 
teria, 201 et seq 

Staphylocoagulose, and the factor in- 
ducing fixation, 193 
Staphylococcus aureus 

as powerful injurious irritant, 151, 
180, 193, 195 

localization in immune animal, 157 
toxm as irritant, 190 
Streptococcus hemolyttcus 

as mild irritant, 120, 151, 180 et seq. 
fibnn-mhibiting capacity, 188 
fibrinolytic activity and dissemina- 
tion, 189 

reaction of virulent and avirulcnt 
strains, 158 

Sugar content, in blood and exudates, 
77 et seq 

Suppuration, possible mechanism, 83 
Surface tension 

effect on phagocytosis, 94 ct seq. 
hypothesis of leukocytic migration, 
51 

Temperature, effect on phagocytosis, 
92 

Thrombosis (see also Fixation, Lym- 
phatics) 

of vascular capillaries in inflamma- 
tion, 75 

Thyroid, influence on phagocytosis, 
91 

Tissue culture, and phagocytosis, 97 
Tissue permeability (see Spreading 
Factor of Duran-Reynals) 
Tropins and phagocytosis, 94, 97 


Trypan blue 

fixation in inflamed area, 120, 121, 
181 

method of demonstrating increase 
in capillary permeability, IS, 
21, 27, 28, 31 
test for fixation, 120, 19S 
Tubercle bacilli 

dissemination in immune animals, 
149 

localization in injured areas, 125 
method of culturing from tissues, 
139 
Tuberc/cs 

iron accumulation in, 128 et seq. 
stained by trypan blue, 18 
stained by trypan red, 19 
Tuberculin reaction, 143, 148 
Tuberculous 
adult type, 150 

allergy and immunity in, 148 et 
6eq. 

and ferric chloride, 128 ct seq, 
ciimcal aspects, 139 
and fixation, 149 ctscq. 
carbohydrate metabolism of lung 
tissue in, 85 
focal reaction, 143 
in desensitized animals, 153 
lowered skin permeability in, 161 

Urea as fibrin solvent, 172 


Vaccination in tuberculosis 
and iron treatment, 130 
mechanism, 131 
Virulence 
definition, 194 

of bacteria dissociated from inva- 
siveness, 194, 195 
relation to fixation, 157, 194, 195, 


19S 

Viscosity of medium and phagocyto- 
sis, 90 
Vital dyes 

localization in inflamed areas, 

19 

in relation to capittuy pressure, 
21 (footnote) 

test for capillary permenbiWy, w 
et seq , 18, 19, 20,21, 23 
test for fixation, 120, 169, 181, 




